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A C O M P U T E R PROGRAM F O R THE 
KINETIC T R E A T M E N T OF RADIATION-INDUCED 

SIMULTANEOUS C H E M I C A L REACTIONS: 

A REVISED VERSION IN F O R T R A N IV 

by 

K l a u s H. Schmid t 

A B S T R A C T 

WR20, a p r o g r a m w r i t t e n m O s / 3 6 0 F O R T R A N IV 
for an I B M - 3 6 0 / 7 5 d i g i t a l - c o m p u t e r s y s t e m , c a l c u l a t e s , as 
a funct ion of t i m e , the c o n c e n t r a t i o n s of a l l c h e m i c a l s p e c i e s 
in a se t of r a d i a t i o n - i n d u c e d c h e m i c a l r e a c t i o n s wi th h o m o ­
g e n e o u s k i n e t i c s . It a l s o c a l c u l a t e s the c o n c o m i t a n t changes 
in e l e c t r i c a l conduc t iv i ty and op t i ca l a b s o r b a n c e . As da ta , 
the p r o g r a m e s s e n t i a l l y r e q u i r e s the c h e m i c a l r e a c t i o n e q u a ­
t i ons wi th r a t e c o n s t a n t s , a l i s t of the c h e m i c a l s p e c i e s wi th 
t h e i r r a d i a t i o n y i e l d s , i n i t i a l c o n c e n t r a t i o n s , equ iva len t con­
d u c t a n c e s , a b s o r p t i v i t i e s , e t c . , and the d o s e r a t e as a funct ion 
of t i m e . The p r o g r a m i s an i m p r o v e d v e r s i o n of one d e ­
s c r i b e d in an e a r l i e r r e p o r t (ANL-7199 , A p r i l 1966) w r i t t e n 
for a C D C - 3 6 0 0 s y s t e m . The new f e a t u r e s of the r e v i s e d 
p r o g r a m , in p a r t i c u l a r , the p o s s i b i l i t y to t r e a t r e a c t i o n s y s ­
t e m s involving cha in r e a c t i o n s and to s tudy the effect of 
r e p e t i t i v e r a d i a t i o n p u l s e s , a r e d e s c r i b e d , and d e t a i l e d i n ­
s t r u c t i o n s a r e g iven for the u s e of the p r o g r a m . Th i s r e p o r t 
a l s o d e s c r i b e s two p lo t t ing p r o g r a m s to be u s e d in connec t ion 
wi th WR20. One c r e a t e s a plot o n a 7 8 0 - C a l c o m p p l o t t e r , the 
o the r a plot on the p r i n t e r . 

1. INTRODUCTION 

In an e a r l i e r r e p o r t , * I d e s c r i b e d a p r o g r a m w r i t t e n in 3600-
F O R T R A N for a C D C - 3 6 0 0 d i g i t a l - c o m p u t e r s y s t e m which a l lows one to 
c o n s t r u c t k ine t i c m o d e l s for the b e h a v i o r of a c h e m i c a l s y s t e m exposed 
to ion iz ing r a d i a t i o n . One e n t e r s a s da ta the r e a c t i o n equa t ions wi th 
r a t e c o n s t a n t s , a l i s t of the c h e m i c a l s p e c i e s involved wi th t h e i r r a d i a t i o n 
y i e l d s , i n i t i a l c o n c e n t r a t i o n s , equ iva len t c o n d u c t a n c e s , a b s o r p t i v i t i e s , e t c . , 

K, H, Schmidt, A Computer Program for the Kinetic Treatment of [^diation-induced Simultaneous 
Chemical Reactions, ANL-7199 (April 1966). 



the dose rate as a function of t ime, and some additional instructions con­
trolling the calculation. The program then calculates the concentrations 
of all species as functions of time and the changes in e lect r ical conductivity 
and optical absorbance. 

The original program, WR16, has been used successfully at this 
laboratory for several years , for the evaluation of pulse-radiolysis exper i ­
ments . It was later adapted to the Laboratory 's IBM-360/75 system for 
the following reasons: (l) Problems run two to three t imes faster on 
this machine; (2) the latter system accepts FORTRAN IV, so that the new 
version of the program, which is written in this language, is now much more 
readily adaptable to other computer sys tems. 

During the adaptation and more recently, the p rogram was improved 
in a number of ways. The Ionic Equilibrium Subroutine, which calculates 
the dissociation equilibrium of ionic species, was completely rewrit ten 
and is now applicable over a much wider pH range. The Steady State 
Subroutine, which computes the concentrations of species that have reached 
a steady state was also extensively modified to improve its convergence 
and to raake it capable of calculating the equilibrium of species involved 
in a chain reaction. Another new option allows one to study the effect of 
repetitive radiation pulses . Some further modifications will be mentioned 
later . 

This report descr ibes the new features of the program in its 
present form (new name: WR20) and gives detailed instructions for its 
use. Reference to the previous report (ANL-7199) will be made in a few 
cases . Thus, the mathematical method of the main program as described 
in Sections 3.1-3.3 and 3.4.1 of ANL-7199 has not been changed and is 
therefore not described in the present report . The options of "Skipping 
of Species and Reactions" (Sections 4.1 and 4.2 of ANL-7199) have 
remained in a somewhat modified form; it i s , for example, now possible 
to cancel skipping instructions. Fur the rmore , the suggestions regarding 
the use of the program in special cases (Section 6.1 of ANL-7199) are still 
valid. With these exceptions, the present report is independent of the 
previous one. 

2. ALGORITHM OF THE NEW EQUILIBRIUM SUBROUTINES 

2.1 The Ionic Equilibrium Subroutine 

The Ionic Equilibrium Subroutine (named IONIC) has two entr i 
EQUILl and EQUIL2. EQUILl is invoked once at the beginning of a r 
It reads from the data dissociation equations of the form 

es: 
un. 



H+ • H A j ' = HjAi • Ki i ( l a ) 

H+ • Ai= = HAj" • Kzi ( lb ) 

or s i m i l a r e q u a t i o n s in the b a s i c f o r m (beginning wi th OH"), with i = 1, 
2 f^eq' '^eq be ing the t o t a l n u m b e r of e q u a t i o n s . ( P a i r s such a s l a and lb 
count a s one equa t ion . ) The r o u t i n e then l a b e l s t hose r e a c t i o n s tha t p r o d u c e 
the above e q u i l i b r i u m . If, for e x a m p l e , it e n c o u n t e r s Eq . l a , it l a b e l s the 
react ion e q u a t i o n s 2a and 2b, or the s a m e r e a c t i o n s w r i t t e n in t h e i r b a s i c 
f o r m , 3a and 3b. 

H+ + HA-" - HjAi (2a) 

DUMMY + HzAi -* HA^ ' + H+ (2b) 

O H ' + HzAj ^ H A j ' + H2O (3a) 

H2O + HAj" -* H2Ai + OH", (3b) 

DUMMY denot ing a d u m m y s p e c i e s with the c o n c e n t r a t i o n 1 M. The r e a c ­
t ions thus l a b e l e d * a r e a u t o m a t i c a l l y sk ipped by the m a i n p r o g r a m when 
sub rou t ine IONIC i s u s e d . 

EQUIL2 is ca l l ed af ter e v e r y 20th cyc le of the m a i n i n t e g r a t i n g 
a l g o r i t h m and c a l c u l a t e s the d i s s o c i a t i o n e q u i l i b r i u m by the following 
method : 

Tio = [ H J A J ^ + [HAi"]„ + [Ai=]^; (4) 

-1 Kii[H+]Tio 

^ " ^ ^ ^ ^ [H+f + K a [ H + ] + KaK2i^ ^'> 

[Ai"] = rrr^—VTT^ • (̂ ) 
[ H + r + Kii[H+] + K,iK2i 

w h e r e the s u b s c r i p t 0 r e f e r s to the (un read jus t ed ) v a l u e s e n c o u n t e r e d 
when EQUIL2 i s ca l led . 

The c o n c e n t r a t i o n s of a l l s p e c i e s tak ing p a r t in the e q u i l i b r i u m 
can thus be e x p r e s s e d a s funct ions of [ H + J , t hose of the r e m a i n i n g s p e c i e s 
being r e g a r d e d a s known c o n s t a n t s . To m a i n t a i n b a l a n c e of c h a r g e , the 
following e.quation m u s t hold: 

F([H+]) = i qjCj = 0, (7) 
j = ' 



nc being the total number of species, and qj the charge of the jth species . 
Equation 7 is solved by Newton's method. One obtains a fast-converging 
series with the recursive formula 

[H+]„^, = [ H + ] „ - F ( [ H + ] J / F ' ( [ H + ] J . (8) 

F'([H+]n) = dF([H+]n)/d[H+]n can easily be derived from Eqs. 5 -̂nd 6. ^ 
It can be shown that F'(x) > 0 for all x 2 0, and that the se r i es Dj, - |IH Jn -
[H+]e| S{A([H+]O - [H+]e)'}", [H+]e being the exact solution of Eq. 7, A being 
a constant. After [H+]g is obtained with sufficient accuracy, the remaining 
concentrations are calculated using Eqs. 5, 6, and 9. 

[H2Ai] = Tio - [HAi"] - [Ai=]. (9) 

2.2 The Steady State Subroutine 

The Steady State Subroutine (named STEADY) performs a function 
similar to that of subroutine EQUIL3 in p rogram WR16 (described in 
ANL-7199). It is used when the net ra tes of change of the concentrations 
of one or several chemical species are small compared to the actual 
rates of formation and disappearance. The subroutine has two options. 

Option 1 is applied if the concentration of one or several species 
have reached a quasi-steady state, i .e. , if the concentration of each species 
is the result of an equilibrium between its rate of formation and its ra te 
of disappearance, and if these species are relatively independent of each 
other. 

Option 2 goes into effect if a quasi-equil ibrium exists between the 
concentrations of a group of species. This is the case if these species 
are converted into each other by a chain of fast react ions, with the sum 
of their concentrations changing relatively slow, either because they have 
reached a quasi-s teady state or because the chain-terminating reactions 
are much slower than the chain-propagating react ions. Both options are 
based on the approximation . 

dC: 
"dT = gj+ I <^jikicl,cl, = 0, (10) 

i 

c; being the concentration of the jth species processed by the subroutine, cjj 
and cjj the concentrations of the first and second species on the left side 
of the ith reaction, aji the net formation of the jth species in the ith r e a c ­
tion, and k] the rate constant. 

Equation 10 is solved for cj in the manner described on page 16 of 
ANL-7199. The resul t can be written in the form 

' C , = F , ( ' C 2 , 'C3 . 'C4 , . . . ) , 



the upper indices 1 and 2 referr ing to the old and the new value of the c 's , 
respectively. This procedure is car r ied through for the remaining species 

^C2 = F 2 ( ^ C „ ' c j , 'C4, . . . ) , 

^Cj = F3(^C, , 'C2, 'C4, . . . ) , 

^C4 = F4(^Ci , ^C2, ^C3, . . ) , e t c . , 

until all c 's have the upper index 2, By periodic repetition of this cycle, 
one obtains for each species a ser ies "c- with the recursive formula 

"+'CJ = $j("ci, "C2, % , . . . ) , (11) 

the functions §; representing the result of one entire cycle. 

It can be shown that the ser ies '^c; are convergent in a region 
around the t rue values cj if, in this region, 

b§; 
< 1, y 111 

k=i ^ 

bF: dFr 

d c . 
< 1. 

This i s , however, equivalent to the condition that the concentrations of the 
species are not too strongly interdependent. 

Option 1 of subroutine STEADY uses the functions §; to create a 
faster converging ser ies "^c^ with the following recursive procedures: 

^ j = J 

Xj = $j('Xi, "Xj, . . . ) ; 

• = # • ( 'X . = # . ( % , % , ...) 

and 

m+i * (^^ j ) ' - '^ j '^J 

2'X, ' X ; 
J J J 

Option 2 uses directly the following modified version of Eq. 11: 



'cj = $j("c,, "02. . . . ) -

^ imC^c,, nc^, ...) 

mg 

Z '̂ -
m=i (11' 

In this way. 

rrig iriff 
V nc = V 'c for a l l n2 1, 

L "" L "^ 
mg being the number of species in the respective group of interdependent 
species; i.e., the routine readjusts only the relative values of their con­
centrations while keeping their sum constant. 

A further slight modification was incorporated into the subroutine: 
The sequence in which it processes the species is reversed after every 
second cycle. This does not affect the performance of Option 1. In Option 2, 
the modification eliminates a small e r ro r that occurs in some cases , the 
sign of the e r ro r depending on the sequence of the species in a group. 

A rigid proof of convergence for the final algorithms of the two 
options was not attempted. Test runs showed, however, that both ser ies 
converge fast under normal conditions. If convergence is poor, a warning 
message is printed. 

3. INPUT AND OUTPUT 

3.1 Data Cards 

The program WR20 requires the following data cards : 

3.1.1 One "Run Number Card" with 

a: NORUN, a four-digit number assigned to the run. 

Col. 2-5, FORMAT: 14 

b: LIMT, the time limit in minutes allotted to the run. Default 
value 2. 

Col. 7-8, FORMAT: 12 
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c: IPUNCH, a plot index . E n t e r 1 if a plot i s d e s i r e d ; o t h e r w i s e , 
l eave b lank . 

Col . 10, F O R M A T : II 

d: K O M E N T , any c o m m e n t tha t i s to a p p e a r in the output. 

Col . 11-65 

e: MORE, the n u m b e r of add i t i ona l c o m m e n t c a r d s , up to n i n e . 

Col . 66, F O R M A T : II 

3.1.2 C O M E N T , fu r the r c o m m e n t s on z e r o to n ine add i t i ona l c o m m e n t c a r d s . 

Col . 2 -80 

3.1.3 One to 50 " R e a c t i o n C a r d s " wi th 

a: A ( I , 1 ) and A(l ,2) , the n a m e s of exac t l y two r e a c t i n g s p e c i e s . 

Col . 1-5 and 7 - 1 1 , F O R M A T : A5 

b: A(l ,3) - A ( I , 6 ) , the n a m e s of z e r o to four p r o d u c t s p e c i e s . 

Col . 13-17 , 1 9 - 2 3 , 25 -29 , and 3 1 - 3 5 , F O R M A T : A5 

c: B(l ,4) - B ( I , 6 ) , + or - s igns in Col . 18, 24, and 30 (default = +).* 

d: RK, the s e c o n d - o r d e r r a t e cons t an t in M" s e c " . 

Col . 3 6 - 4 5 , F O R M A T : E10 .3 

3.1.4 One b lank c a r d , ind ica t ing the end of the L i s t of R e a c t i o n s . 

3.1.5 One to 27 " S p e c i e s C a r d s " wi th 

a: AC, the n a m e of the s p e c i e s . 

Col . 1-5, F O R M A T : A5 

b: CHARGE, the c h a r g e of the s p e c i e s . In c a se of defaul t , the 
c h a r g e i s d e t e r m i n e d f r o m the n u m b e r of + or - s igns in the n a m e . F o r 
e x a m p l e , C 0 3 - - : c h a r g e = - 2 . 

Col . 6 -10 , F O R M A T : 14 

c: G, the G v a l u e , i . e . , the r a d i a t i o n yie ld in p a r t i c l e s p e r 100 eV. 

Col . 11-20 , F O R M A T : E10 .3 

*These signs will be treated by the computer as such. Example: 02- + H02 = H202 - H+. However, 
any character in Col. 6 is treated as +. 



d: S, the r a t e of spon taneous ( t h e r m a l ) f o r m a t i o n in M s e c " . 

E x a m p l e : H+ or OH" f r o m H2O.* 

Col. 21-30 , FORxMAT: E10 .3 

e: CI, the in i t i a l m o l a r c o n c e n t r a t i o n . 

Col . 31-40, FORMAT: E10 .3 

, 2 - 1 
f: EQCO, the equiva lent conduc tance m miio c m eq . 

Col. 41 -50 , FORMAT: E10 .3 

g: EXT, the m o l a r a b s o r p t i v i t y m c m M . 

Col. 51-60, FORMAT: E10 .3 

The r e m a i n i n g co lumns m a y be u s e d for i den t i f i ca t ion p u r p o s e s . 

3.1.6 One blank ca rd , ind ica t ing the end of the L i s t of S p e c i e s . 

3.1.7 One to 50 " T i m e C a r d s " for s u c c e s s i v e t i m e i n t e r v a l s , wi th 

a: T, the end of the t i m e i n t e r v a l in s e c , a s m e a s u r e d f r o m the 
beginning of the f i r s t t i m e i n t e r v a l . 

Col . 1-10, FORMAT: E10 .3 

b : DR, the m e a n dose r a t e in eV i " ' s e c " ' d u r i n g t h i s t i m e i n t e r v a l . 
(1 r a d / m i n = 1.04 x l O ' ' eV •{." 'sec" ' in w a t e r . ) 

Col . 11-20, FORMAT: E l 0 . 3 

c: SPSK(1,K) and SPSK(2,K), the n a m e s of z e r o to two s p e c i e s t h a t 
a r e to be "sk ipped or l abe led . " The effect of l i s t i n g s u c h s p e c i e s d e p e n d s 
on fu r the r i n s t r u c t i o n s given on the s a m e c a r d . N o r m a l l y the s p e c i e s a r e 
" sk ipped ;" i . e . , t he i r c o n c e n t r a t i o n s a r e not changed by the i n t e g r a t i n g 
a l g o r i t h m dur ing th i s and s u b s e q u e n t t i m e i n t e r v a l s . If lUN = -1 ( s ee h 
below), the oppos i te effect i s ach ieved ; n a m e l y , any p r e v i o u s sk ipp ing 
i n s t r u c t i o n for t h e s e s p e c i e s i s c a n c e l e d . If 1ST = 1 ( s ee f be low) , the 
s p e c i e s a r e l abe led for p r o c e s s i n g by the S teady S ta te S u b r o u t i n e , Opt ion 1, 
and at the s a m e t i m e " sk ipped , " If 1ST 2 2, the s p e c i e s a r e l a b e l e d for 
Option 2 of the s a m e s u b r o u t i n e , but not sk ipped . 

Col . 21 -25 and 26 -30 , F O R M A T ; 2A5 

d: CSK(1,K) and CSK(2,K), the c o n c e n t r a t i o n s to be u s e d for the 
skipped s p e c i e s un t i l the sk ipping i n s t r u c t i o n i s c a n c e l e d . T h e s e v a l u e s 

*S cannot be used if subroutine IONIC is invoked during the ran. Instead, the reaction DUMMY + H20 
OH- + H4- must be entered. 
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need be entered only if lUN 2 Q and 1ST = 0. In this case, CSK overrides 
any previously defined concentration value. Otherwise, CSK is ignored. 

Col. 31-40 and 41-50, FORMAT: 2E10.3 

e: NRS(1,K) - NRS(5,K), the numbers of up to five reactions that 
are to be "skipped," i .e., taken out of the integrating algorithm. The 
numbers refer to the sequential position of these reactions in the List of 
Reactions. As for species, previous skipping instructions for reactions 
may be canceled by inserting here the numbers of reactions to be 
"unskipped" and entering the Unskipping Instruction lUN = - 1 . Skipping 
instructions for reactions are valid until canceled, except for such in­
structions entered on cards with 1ST 2 1; the latter are automatically 
canceled by the first subsequent card with 1ST = 0. 

Col. 52-53, 55-56, 58-59, 61-62, and 64-65, FORMAT; 513 

f: 1ST, the Steady State Instruction. If 1ST = 0, subroutine 
STEADY is not invoked during the specified time interval. 1ST 2 1 invokes 
the subroutine for all species listed as "skipped or labeled" on this card 
or previous cards with 1ST 2 1. 

For species labeled with 1ST = 1 (Option 1), the steady state 
(i.e., the equilibrium concentration determined by the total rate of for­
mation and the total rate of disappearance of those species at this time) 
is periodically readjusted. At the same time, these species are skipped 
by the integrating algorithm. 

If 2 s 1ST S 5 for a group of species (Option 2), the equilibrium 
ratio between the concentrations of these spe'cies is periodically readjusted, 
while the sum of their concentrations is kept constant and equal to the 
value encountered when STEADY is called. Species in such groups are not 
skipped by the program. It is therefore necessary to skip the reactions 
that determine their equilibrium, i.e., those that propagate the chai 
Groups with different 1ST are treated independently of each other. 

a m . 

The Steady State Instruction and the labels attached to the 
species by the value of 1ST are only valid during time intervals defined 
by cards with 1ST 2 1; i .e. , the instruction and the labels are canceled 
by the first subsequent card with 1ST = 0. 

Col. 67, FORMAT; 11 

g: ION, the Ionic Equilibrium Instruction. If ION = 0, subroutine 
IONIC is not invoked during the specified time interval. ION 2 1 invokes 
the subroutine, which then periodically adjusts the ionic equilibrium as 
determined by the dissociation equations listed under Eq. 10. The reactions 
that determined the equilibrium before are automatically skipped by the 
integrating algorithm. Example: When IONIC processes the dissociation 
equation (see 3.1.10 below). 



[H+] • [A-] = [HA] • K, 

the two reactions 

DUMMY + HA ^ A" + H"*" 

and 

H"*" + A ' ^ HA 

are skipped. 

A reaction is labeled for skipping, if and only if the two species 
A" and HA (or an analogous pair) in the dissociation equation also occur in 
the reaction equation and are located on the immediate left and right of the 
= sign (which stands in place of the arrow). If some other reaction con­
taining the same pair of species is not to be skipped, it is sufficient to 
locate one of the species away from the = sign. 

Subroutine IONIC may not be used during time intervals in which 
there is any nonnegligible formation or decay of the first species in the 
equilibrium equations (H^ or OH") other than from the ionic dissociation 
or recombination reactions. 

Col. 68, FORMAT: II 

h: lUN, an "Unskipping Instruction" for canceling skipping in­
structions, if this is desired. As mentioned under c and e above, 
lUN = -1 "unskips" all species and/or reactions listed on the same card 
in the columns for skipped species or reactions; lUN = -2 automatically 
cancels all previous skipping instructions. 

Any value of lUN / 0 causes the program to s tar t the specified 
time interval with the Minimum Time Increment DTMIN. Whenever 
skipping instructions are canceled, either explicitly or automatically, 
the program is likely to require a much smaller time increment than 
before. Unless lUN < 0, it is therefore advisable to specify lUN = +1 
on cards that cancel the use of one or both of the subroutines IONIC 
and STEADY. 

Col. 69-70, FORMAT: 12 

i: MREP, Repetition Factor . The repetition factor 2 £ MREP S 
9999 on one (and only one) Time Card, say the Mth card with the t ime 
T ( M ) , has the effect that the entire computation procedure up to the 
time T ( M ) is executed MREP t imes. After each cycle, the t ime values 
T ( 1 ) , T ( 2 ) , ..., T ( M ) are automatically incremented by the initial value 
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of T ( M ) , and the concentrations reached are used as initial values for the next 
cycle. Note that the times T(M + 1), T ( M + 2), ..., are not incremented. There­
fore, one has to make sure that T ( M + 1)2: MREP • T(M). Skipping instructions 
are not automatically canceled at the beginning of a new cycle, nor is DT reset to 
DTMIN. It may therefore be necessary to set lUN = -2 or +1 on the first 
Time Card. 

Col. 72-75, FORMAT: 15 

3.1.8 One blank card, indicating the end of the Time Cards. 

3.1.9 One Paramete r Card, with 

a: ACCFAC, the Accuracy Factor . The Accuracy Factor deter­
mines the accuracy* of the integrating algorithm and (inversely) the 
computation t ime. The time increments chosen by the program are 
proportional to ACCFAC. Default values: ACCFAC = 0.1, if none of the 
subroutines IONIC and STEADY are invoked; otherwise, ACCFAC = 0.05. 

Col. 1-10, FORMAT: E10.3 

b: DTPMIN, the Minimum Print Interval. The Minimum Print 
Interval is the minimum (model) time interval between two printed lines 
of concentrations. In case of default, the value is chosen so that one 
obtains one page of printed results per group of six species, with the 
time values approximately equally spaced. Irrespective of the spacing, 
the t imes on the Time Cards are always printed. 

Col. 1 1-20, FORMAT: E10.3 

c: DTMIN, the Minimum Time Increment. This is the Minimum 
Time Increment tobe used by the integrating algorithm. The algorithm 
star ts with this value and adjusts it after every 20 cycles of computation. 
The default value is T ( N T 1 )/50000, T ( N T 1 ) being the beginning of the 
first time interval in which one of the subroutines STEADY and IONIC 
is invoked, or, if this is not the case, the end of the last time interval. 

Col. 21-30, FORMAT: E10.3 

d: DTMAX, the Maximum Time Increment. The Maximum Time 
Increment sets an upper limit to the time increment DT that can be chosen 
by the program. Default value: T ( N T ) / 2 0 0 0 , if none of the subroutines 
STEADY and IONIC are invoked, T ( N T ) / 5 0 0 0 otherwise, T ( N T ) being the 
end of the last time interval. 

Col. 31-40, FORMAT: E10.3 
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3.1.10 Z e r o to 10 E q u i l i b r i u m C a r d s with d i s s o c i a t i o n e q u a t i o n s for 

subrou t ine IONIC 

The equa t ions m u s t be w r i t t e n in the f o r m 

H+ * A- = HA * Ka 

OH- * B+ = BOH * Kb, 

the K ' s being d i s s o c i a t i o n c o n s t a n t s . If t h e r e a r e two s t a g e s of d i s s o c i a t i o n , 
the equat ion for the f i r s t s tage m u s t come f i r s t , and the two e q u a t i o n s m a y 
not be s e p a r a t e d : 

H+ * HA- = H2A * Ki 

H+ * A - - = HA- + K2. 

All equat ions m u s t begin with the s a m e s p e c i e s , i . e . , e i t h e r H+ of OH- ; 
in o ther w o r d s , equat ions in the acid f o r m and equa t i ons in the b a s i c f o r m 
m a y not be mixed . 

Spec ies ( A E ( 1 , K ) - AE(3,K)): Col . 1-5, 7 - 1 1 , and 13-17 
Dissoc ia t ion Cons tan t (EQ): Col . 21-30 

3.1.11 One blank ca rd , ind ica t ing the end of the E q u i l i b r i u m C a r d s (or 
t he i r absence ) 

Any n u m b e r of r u n s (comple te da ta d e c k s a s d e s c r i b e d above) can 
be s tacked for one ASP job. N o r m a l l y , the t i m e l i m i t spec i f i ed on the 
Job C a r d should equa l the s u m of the t i m e l i m i t s s e t for the i nd iv idua l 
r u n s , p lus 1 min . This wi l l a l low suff ic ient t i m e for a l l A S P o p e r a t i o n s , 
for p r in t ing the r e s u l t s , and for p lo t t ing ( see C h a p t e r 5). 

3.2 E x a m p l e of a C o m p u t e r Rtm 

The example p r e s e n t e d h e r e u s e s e s s e n t i a l l y a l l f e a t u r e s and 
options of p r o g r a m WR20. It i s a k i n e t i c m o d e l for the i r r a d i a t i o n of a 
h y d r o g e n - s a t u r a t e d , aqueous so lu t ion of 1 m M NaOH at 25°C, wi th t h r e e 
s u c c e s s i v e p u l s e s of e l e c t r o n s f r o m a l i n e a r a c c l e r a t o r , wi th a p u l s e 
du ra t ion of 6 ^ e c and a r e p e t i t i o n r a t e of 7 2 0 / s e c . Mos t of the da t a 
u s e d for t h i s r u n a r e b a s e d on l i t e r a t u r e v a l u e s , a few v a l u e s a r e 
b a s e d on m y m e a s u r e m e n t s , and a few a r e e s t i m a t e s . No l i t e r a t u r e 
r e f e r e n c e s wi l l be given h e r e as t h i s would go beyond the scope of t h i s 
r e p o r t . 
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F i g u r e 1 shows a p r i n t o u t of the da t a c a r d s . The output ob ta ined 
with t h e s e da ta i s r e p r o d u c e d on p a g e s 2 2 - 2 9 . In the following d i s c u s s i o n 
of the input d a t a , the c a r d n u m b e r s m e n t i o n e d r e f e r to the n u m b e r i n g of 
the R e a c t i o n , S p e c i e s , and T i m e C a r d s a p p e a r i n g in the p r i n t e d output . 

3.2.1 Run N u m b e r C a r d 

The da ta on t h i s c a r d a r e s e l f - e x p l a n a t o r y . The 1 in co lumn 66 
i n d i c a t e s one add i t i ona l C o m m e n t C a r d . 

3.2.2 C o m m e n t C a r d 

No e x p l a n a t i o n i s r e q u i r e d . 

3.2.3 Reac t ion C a r d s 

The r e a c t i o n e" + H2O2 = OH + OH" h a s been sp l i t up into the 
r e a c t i o n s 8 and 9. R e a c t i o n 8 c o n v e r t s e" in to OH but does not affect 
HjOj. It wi l l l a t e r be sk ipped when the r e a c t i o n cha in e" - OH - H - e " 
i s p r o c e s s e d by s u b r o u t i n e STEADY. Reac t ion 9 r e m o v e s H2O2 and p r o ­
duces OH" without affecting e" . T h e r e f o r e it has e s s e n t i a l l y no inf luence 
on the a u t o m a t i c a l l y d e t e r m i n e d t i m e i n c r e m e n t s , as opposed to r e a c t i o n 8. 
R e a c t i o n s 12 and 13 r e p r e s e n t the d i s s o c i a t i o n e q u i l i b r i u m H"*" + OH" s= H2O, 
r e a c t i o n s 21 and 22 the e q u i l i b r i u m H + O2" =^H02. The e q u i l i b r i u m 
be tween HO2 and H2O2 i s h e r e r e p r e s e n t e d by r e a c t i o n s 28 and 2 9 * R e a c ­
t ion 13 can be omi t t ed in r u n s tha t do not u s e sub rou t ine IONIC, if S = 
1 .450E-03 i s e n t e r e d on the S p e c i e s C a r d s for H^ and OH", 

3.2.4 S p e c i e s C a r d s * 

B e c a u s e no c h a r g e v a l u e s w e r e e n t e r e d , they a r e d e t e r m i n e d by 
s u b r o u t i n e SCAN f r o m the n u m b e r of + or - s igns in the n a m e s of the 
s p e c i e s . An in i t i a l c o n c e n t r a t i o n CI = 4.9 x 1 0 " ' M for O2 is a s s u m e d ; 
th i s a p p r o x i m a t e l e v e l of c o n t a m i n a t i o n i s f r equen t ly e n c o u n t e r e d . The 
s p e c i e s Na"*" i s l i s t e d only for the p u r p o s e of ach iev ing b a l a n c e of c h a r g e 
so tha t s u b r o u t i n e IONIC can w o r k p r o p e r l y . The m o l a r a b s o r b a n c e (EXT) 
e n t e r e d for e" i s for X = 715 n m , at which wave l eng th no o the r s p e c i e s 
a b s o r b s a p p r e c i a b l y . 

3.2.5 T i m e C a r d s 

The T i m e C a r d s c o n s t i t u t e the " t i m e t a b l e " for the e n t i r e c a l c u l a ­
t ion and r e q u i r e p a r t i c u l a r c o n s i d e r a t i o n . We wil l t h e r e f o r e d i s c u s s t h e m 
one by one . Be fo re doing t h i s , we have to e s t a b l i s h c r i t e r i a gove rn ing the 

*I consider this representation more realistic under the given circumstances (pH, etc.) than the conventional 
form. 



7199 1 
SUCCESSIVE 
E-
E-
OH 
OH 
OH-
E-
E-
E-
E-
E-
E-
H+ 

+E-
+0H 
+0H 
+02-
+H 
+H+ 
+H 
+H202 
+H202 
+H02-
+H20 
+0H-

DUMMr+H20 
H 
H 
OH 
OH 
H 
E-
H 

+H 
+0H 
+H2 
+H202 
+H202 
+02 
+02 

DUMMY+H02 
H+ 
H02 
H 
H 
E-
E-
OH-
H20 

E-
H+ 
OH-
OH 
H 
H2 
H202 
H02-
H02 
02-
02 
H20 

+02-
+02-
+H02 
+02-
+H02 
+02-
+H202 
+H02-

DUMMY 
NA+ 

FORMATION OF H202 
; ELECTRON PULSES 

«0H-
= 0H-
= H202 
=02 
= E-
=H 
-OH-
= 0H 
=0H-
•OH 
«H 
= H20 
«0H-
= H2 
«H20 
= H 
=H20 
= 0H 
• 02-
»H02 
.02-
= H02 
=02 
'H202 
-H02-
«H02-
=H02-
=H02-
= H202 

2.8 
2.9 
0.1 
2.7 
0.48 
0.4S 
0.7 

0.02 

+0H-

+0H-
+H20 

+H2 
+ H202 
+E-
+0H-
+0H-

+H+ 

+H20 
+H02 
+H20 

+H+ 

+H02-

-H20 
+H20 
+0H-

+H2 

+0H-

+0H-

IN ALKALINE. H2-SATURATED H20 BY 
FROM A LINEAR ACCELERATOR. 

5.000E+09 
3.000E+10 
4.500E+09 
1.200E+10 
2.000E+07 
2.*O0E+10 
2.500E+10 
1.300E+10 
1.300E+10 

-H20 3.500E+09 
1.600E+01 
1.430E+11 
2.599E-05 
8.000E+09 
2.000E+10 
*.500E+07 
2.300E+07 
0.900E+08 
1.900E+10 
1.900E+10 
8.000E+05 
5.000E+10 
7.900E+07 
2.000E+10 
2.0aOE+10 
2.000E+10 
l.OOOE+10 
l.OOOE+08 
1.022E+04 

1.900E+02 1.850E+04 
1.006E-11 3.498E+02 
l.OOOE-03 1.976E+02 

7.000E-0'> 

't.'tSOE+Ol 

6 . 5 0 0 E + 0 1 
4 . 9 0 0 E - 0 7 
5 . 5 3 5 E + 0 1 
1 . 
l .OOOE-03 5 . 0 1 1 E + 0 1 

l .OOOE-08 1.000E+25H2O 
5 . 0 0 0 E - 0 8 1.000E+25NA+ 
2 . 0 0 0 E - 0 6 1 .000E+25H+ 

DUMMY 5 . 5 3 5 E + 0 1 I . 
H2 l .OOOE-03 T.OOOE-O* 

4. 
6, 
6< 
2. 
It, 
3, 
3, 
1. 
5. 

,000E-05 
lOOOE-
,050E-

-05 
-06 

.OOOE-05 

.OOOE-

.OOOE-
lOOOE-
i389E-
,000E-

-05 
-O't 
-04 
-03 
-03 

l.OOOE+25 
l.OOOE+25 

H+ 

OM 
E-

B 11 16 

1 
1 
1 

1 
1 
1 

21 
21 
11 

4.OOOE-05 l.OOOE-10 5.OOOE-05 
H+ •OH- =H20 • 1,818E-15 
H+ •02- =H02 » 1.500E-05 
H+ •H02- =H202 » 1.780E-12 

Fig. 1. Data Cards for Test Run 7199 
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use of the subroutines IONIC and STEADY. As a rule of thumb, none of 
these subroutines should be invoked before at least seven relaxation 
t imes of all species processed by the part icular subroutine have elapsed 
since the last major change in dose ra te . The relaxation time T is defined 
here as the time during which the (small) difference between the actual 
concentration of a species and its (quasi-) steady-state or equilibrium 
concentration has decreased to the fraction l / e . Upper limits for the 
relaxation t imes can easily be derived from the fastest reactions in which 
a species is involved, as the following examples i l lustrate: 

If an essentially independent species X disappears by first or 
pseudo-first order by the reaction: X + S -• products (rate constant kxs), 
T = l/(kjj.g[S]). For apure ly second-order disappearance of the form: 
X + X -* products (kxx). " = l/(4kxx[x]o), [XJQ being the estimated steady 
state value. For two species X and Y involved in a chain reaction: 
X + S, ^ Y + ... (ki), Y + S2 ^ X + ... (kj), one obtains T = l/(kiSi + k2S2). 
The case of three and more species is more complicated, but one can 
always obtain an upper limit for T by disregarding some of the reactions 
and thus simplifying the system. For example, if three species are 
involved in a "triangular" chain reaction: X + Sj -* Y + ... (kj), 
Y + S2 -> Z + ... (kj), Z + S3 -> X + ... (k3), with k3[S3] being the greatest 
of the three products kilSi], one can ar r ive at a reasonable estimate for 
T by using the greater of the two values 

T' 
k,[S,] + k2[S2] + k3[S3] 

and 

" k,[Si] + k2[S2]' 

Table I l ists the species in our model with fast turnover ra tes , 
together with their estimated relaxation t imes, and the reactions on which 
these est imates are based. With the information contained in Table I, we 
can now discuss the Time Cards. 

TABLE I. Species with Fast Turnover Rates in Run 7199 
with Fas tes t Reactions and Relaxation Times 

(Group of) 
S p e c i e s 

H+ 

H2O2, HOj" 
HO2, O2" 
e" , OH, H 

F a s t e s t 
R e a c t i o n ( s ) 

12 

28, 29 
2 1 , 22 
8,^ 16, 5 

R e l a x a t i o n 
T i m e 
T, sec 

7 X 1 0 " ' 
1.5 X 1 0 " ' 

1.25 X 1 0 " ' 
3.8 X 10"5 

7 T , s ec 

5 X 1 0 " ' 
1 X 1 0 ' ^ 
9 X 1 0 " ' 
3 X 10"^ 

^HzOz = 3 X 10"' M estimated from t r ia l run. 
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C a r d l i s u sed to skip p e r m a n e n t l y the s p e c i e s H2O and DUMMY, 
s t a r t i n g - f ; ^ ^ t i m e z e r o , and d e t e r m i n e s t he i r ( cons tan t ) ^ ° " " " * ; ; " * ; ° " ^ -
It f u r the r con ta ins the i n s t r u c t i o n lUN = +1, which " " ^ ^ % * ^ \ P ; ; f " " L 
to r e s e t the t i m e i n c r e m e n t DT to DTMIN e a c h t i m e it c y c l e s b a c k f r o m 
c a r d 11 to c a r d 1. (The l a t t e r i n s t ruc t i on would not be n e c e s s a r y for t he 
f i r s t cyc le . ) 

Ca rd 2 skips Na+ after 1 0 " ' s e c * Although i t would be d e s i r a b l e 
to skip t l l i i ^ e c i e s f rom the beginning, th i s i s not p o s s i b l e s i n c e only 
two spec i e s can be skipped on each c a r d . As a c o m p r o m i s e , we spec i f i ed 
on ca rd 1 a shor t t ime of only a few t i m e i n c r e m e n t s ( z e r o i s not a l l owed) . 

Ca rd 3 invokes subrout ine STEADY for H+, s t a r t i n g a f t e r 5 x l O ' ^ s e c 

(see Table I). 

C a r d 4 fo rces a pr in tout of c o n c e n t r a t i o n v a l u e s at the t i m e spec i f ied . 

Ca rd 5 m a r k s the end of the i r r a d i a t i o n p u l s e . 

Ca rd 6 cance l s the use of subrou t ine STEADY for H+ at the end of 
the pulse by set t ing 1ST = 0, and c a u s e s the p r o g r a m to r e s e t DT to 
DTMIN by specifying lUN = 1. 

Ca rd 7 r e invokes STEADY for H+, s t a r t i n g at the t i m e spec i f i ed on 
ca rd 6, i .e . , 5 x 1 0 " ' sec after the end of the p u l s e . 

invokes subrout ine IONIC for a l l ionic s p e c i e s ( inc luding H+) o c c u r r i n g in 
the d i s soc ia t ion equat ions (see 3.2.7) . 

Ca rd 9 s e t s the t i m e for invoking STEADY for the g r o u p c o n s i s t i n g 
of the spec i e s e", OH, and H ( see Tab le I) . 

Ca rd 10 l abe l s OH and H for p r o c e s s i n g by s u b r o u t i n e STEADY, 
Option 2, and " s k i p s " a l l r e a c t i o n s tha t c o n v e r t one of the s p e c i e s e" , H, 
and OH into ano ther without affect ing o the r s p e c i e s . B e c a u s e the s a m e 
t ime is punched on c a r d s 9 and 10, no c a l c u l a t i o n i s i n i t i a t e d . 

Ca rd 11 adds e" to the g r o u p to be p r o c e s s e d by s u b r o u t i n e STEADY, 
Option 2, and invokes th i s s u b r o u t i n e . It fu r the rn : io re g ive s the i n s t r u c t i o n 
M R E P = 3 to r e p e a t t h r e e t i m e s the e n t i r e c a l c u l a t i o n p r o g r a m up to 
1.389 X 10 '^ s ec , i . e . , up to 4 .167 x 10"^ s e c . 

C a r d 12 def ines the end of the c a l c u l a t i o n . 

*Since the time specified on a Dose Rate Card denotes the end of the respective dme interval, all 
instructions on a given card come into effect at the time specified on the previous card. 
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3.2.6 Pa ramete r Card 

No Accuracy Factor is specified; therefore the default value of 
0.05 is used. 

The Minimum Print Interval DTPMIN is chosen so as to cause a 
printout of two pages per group of six species (-110 lines). 

The specified Minimum Time Increment DTMIN = 10"'° sec is 
1/50 of the shortest relaxation time (see Table I). The default value 
would be 10"'^ sec. Because the program rese ts DT to DTMIN six t imes, 
the latter value would cause an unnecessary increase in computing t ime. 

The Maximum Time Increment DTMAX = 5 x 10"' sec is 2.5 t imes 
the default value. However, the actual value used by the computer is 
3.277 X 10" sec (double this value would exceed the given limit). 

3.2.7 Equilibrium Cards 

The Equilibrium Cards contain the equations for the dissociation 
equilibrium of H2O, HO2, and H2O2, the as ter i sks representing multiplication 
points. Note that the third equation corresponds to reactions 28 and 29. 
When subroutine IONIC is invoked, reactions 12, 13, 21, 22, 28, and 29 are 
automatically "skipped." 

3.3 Additional Remarks 

The example presented in Section 3.2 has been constructed somewhat 
artifically to den:ionstrate the use of as many options of the program as 
possible and to provide a suitable set of test data. For a practical calcu­
lation, it would not have been necessary to invoke subroutine STEADY, 
Option 2, for the group of species e", H, and OH and to split up the r eac ­
tion e" + H2O2 for this purpose, since the thereby accomplished reduction 
in computing time is much less than the time wasted for unsuccessful 
t r ia l runs. Also, the program would have run quite satisfactorily with 
the default values for DTMIN, DTMAX, and even DTPMIN (i.e., with a 
blank parameter card). The main purpose of specifying a smaller value 
of DTPMIN was to obtain a better resolution of the printed plot (see 
Section 5.2.2), since the plotting program PROTWR20 performs a linear 
interpolation between the printed concentration values. 

As a further simplification, the species HO2 could have been replaced 
by O2" where applicable, omitting the reactions 21, 22, 23, 24, and 26. 

As a general rule, the subroutine IONIC and STEADY should only be 
used if a considerable reduction in computing time can thereby be achieved. 
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RUN NUMBER 7199 FORMATION OF H202 IN ALK*""'^^. H -SAT. H20 PY 

SUCCESSIVE ELECTRON PULSES FRUM A LINEAR A C C E L E K A I U K . 

TIME LIMIT 2 MIN 

H20 

OH- + OH- * n^ 

OH-

H202 

02 • OH-

E- t H20 

H 

OH- + H2 

GH + H202 

OH- + E-

OH + OH- + OH-

H • OH-

H?0 

OH- • H* 

H2 

H20 

H + H20 

H20 + H02 

OH + H20 

02-

H02 

02- » H + 

H02 

02 + H02-

H202 

HD2-

H02-

HD2- - H2Q + OH-

HD2- • H20 

H202 • O H - K(29) = 1.022E 0'. 

NAME CHARGE G S CI EQCO EXT 

E - -I 2.800 0.0 

H+ 1 2.900 0.0 

OH- -1 0.100 0.0 

E -
E -
OH 
OH 
O H -

E -
E -
E -
E -
E -
E -
H + 
DUMMY 
H 
H 
OH 
OH 
H 

E -
H 
DUMMr 
H + 
H 0 2 
H 
H 

E -
E -
OH 
H 2 0 

• 
+ 
+ 

t 

+ 
+ 
+ 
+ 
+ 

+ 
• 
+ 
+ 
+ 
+ 
+ 
• 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
• 
+ 
+ 
+ 
• 

E -
OH 
OH 

0 2 -
H 
H + 
H 

H 2 0 2 
H 2 0 2 
H 0 2 -
H 2 0 
O H -
H 2 0 
H 
OH 

H2 
H 2 0 2 
H 2 0 2 
0 2 
0 2 
H 0 2 
0 2 -
0 2 -
H 0 2 
0 2 -
H 0 2 

0 2 -
H 2 0 2 
H 0 2 -

K ( I ) 
K ( 2 1 
K ( 3 1 

K ( * l 
K ( 5 1 
K ( 5> 

K ( 7 ) 
K ( 8 ) 

K ( 9 1 

K d O l 

K d l l 
K ( 1 2 ) 
K ( I 3 I 
K ( 1 4 ) 

K t l 5 l 

K ( 1 5 l 
K ( 1 7 ) 
K ( I S ) 

K ( I 9 ) 
K ( 2 0 | 

K ( 2 1 ) 

K ( 2 2 l 
K ( 2 3 ) 

K ( 2 4 l 

K ( 2 5 ) 
K ( 2 6 ) 
K ( 2 7 l 
K ( 2 a ) 

r= 

-
-
= 
-
= 
-
-
= 
-
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

5 . 0 0 0 F 

3 . 0 0 0 F 
' t . 5 0 0 E 

1 . 2 0 C E 
2 . C 0 0 E 

2 . * 0 0 E 
2 . 5 0 0 F 

1 . 3 0 0 F 

1 . 3 0 0 E 

3 . ? 0 0 F 
1 . 6 0 0 F 

1 . 4 3 0 F 
2 . 5 o ° E -

3 . C O D E 

2 . O O O E 
' » . ; O 0 E 

2 . 3 0 0 E 
9 . O O O E 

1 . 9 0 C E 
1 . 9 0 0 E 

3 . C 0 C F 
5 . C 0 0 F 
7 . C 0 0 F 
2 . P O O F 

2 . C 0 0 F 

2 . C 0 G E 
l . C O C E 
I . O O C F 

oc 
1 0 

0 9 

1 0 
0 7 

I P 
I P 
1 0 

1 0 
0 9 

0 1 

1 1 
- 0 5 

0 9 

10 
0 7 

0 7 
0 7 

1 0 

I P 

0 ? 

I P 
0 7 

I P 

1 0 
1 0 
10 
OS 

4 
5 
0 
7 
8 
9 

1 0 

1 1 
1 2 
13 

14 

OH 
H 

H2 
H 2 D 2 
H 0 2 -
H 0 2 
0 2 -
0 2 
H 2 0 
DUMMY 
H A * 

0 
0 
0 
0 

- 1 

0 
- 1 

0 
0 
0 

1 

2 . 7 0 0 

0 . 4 8 0 
0 . 4 5 0 
0 . 7 0 0 
0 . 0 

0 . 0 2 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 

0 . 0 
1 . 0 0 6 E -

l . O O O E -
0 . 0 

0 . 0 

7 . 0 0 0 E -
0 . 0 
0 . 0 
0 . 0 

C O 
^ . 9 0 0 E -
5 . 5 3 5 E 

l . O O O E 

l . O O O E -

- 1 1 

• 0 3 

- 0 4 

- 0 7 

0 1 

0 0 
- 0 3 

1 9 C . 0 0 0 
3 * 9 . R p n 

1 9 7 . 6 0 0 

0 . 0 
0 . 0 

C . P 
C . C 

' 4 . 5 0 0 

C O 
6 5 . 0 0 0 

C O 
O . P 

C O 

50. no 

1 . 8 5 0 F 0« 
P . O 

0 . 0 
C O 

P . O 
0 . 0 
C O 

0 . 0 
0 . 0 

C O 

C O 
0 . 0 
P . O 
0 , 0 



I N I T I A L C O N P I C T I V I T Y = 
I N I T I A L ABSORBANCF 

2 . ^ 7 7 P - c < j MHT/CM 
C . r MHO/CM 

NO TIME 

SEC 

DOSE R A i r 

i ^V/L-SPC 

SPFCTFS 
SKI PP?r) 

OR LAB?L^r> 

SK I 

MOLFS/L 

r S K 2 

MOLES/L 

»F^ r .T IONS 
( I I M - ) 

SKIPPET-

I I I 
s :) u 
T \| M 

l . f ; c cE -08 i . r 'ooF 25 H2n 
5.( 
2.( 
4 . ( 
6 . ( 
6. f 
2 . ' 

8 4 . 
9 3. 

10 3 . 
11 1 . 
12 5 . 

OCCE-OS 
r c r E - C 6 

€ C C t - C 6 
r 5 r E - G 6 
r r o E - 0 5 
C r O E - 0 5 
o r e E - 0 4 
CCOE-04 
3 P 9 E - 0 3 
O r O E - 0 3 

l . f^OCF 25 NA + 
l . r C C F 25 H+ 
i . o c r F ?5 
l . ' i t C E 2 5 
c . r 
0 .0 
0 .0 
0 .0 
0 .0 
r .c 
0 .0 

H + 

OH 
E -

1UMMY 5 . 5 3 0 E 31 l .OOOP On 
H2 l.D0C;F-i3 7.000E-04 

0.0 D.O 
0.0 o.n 
0.0 0.0 
0.0 3.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

H C O 0.0 
0.0 0.0 
0.0 q.o 

0 0 
0 p 
0 r 
0 0 
n r 

0 r 
0 " 
0 c 
'̂  r 
11 16 
D :"» 

0 C 1 
0 0 0 

C P' 
C 0 
c p 
0 1 

IRRADIATION PATTERN OF THF FIRST 1.389^-03 SEC REPEATED 3 TIMES 

ACCURACY FACTOR 
MINIMUM PRINT INTERVAL 
MINIMUM TIME INCREMENT 
MAXIMUM TIME INCREMENT 

5 . r O C F - r . 2 
4 . C O C E - 0 5 SEC 
l . O n C E - 1 0 SEC 
5 . r i j L E - C 6 sec 

H* 
H* 
H* 

* 
* 
ir 

OH-
02-
H0 2-

= 
= 
= 

H2D 
HP? 
H202 

•». 

» 
* 

i.8ieri-i6 
1.60f"n-05 
1.7800-12 
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TIME 

SECONOS 

C O 
I .O0OE-O8 
5 . 0 0 0 E - 0 8 
2.OOOE-05 
4.OOOE-05 
6 . 0 0 0 E - 0 6 
6 . 0 5 0 E - 0 5 
2.OOOE-05 
4.OOOE-05 
6 . 0 9 6 E - 0 5 
1 . 4 5 5 E - 0 4 
2 . 1 2 0 E - 0 4 
2 . 7 7 6 E - 0 ' i 
3 . 0 0 0 E - 0 4 
3 . 4 9 1 E - 0 4 
4 . 1 4 7 E - 0 4 
4 . 8 0 2 t - 0 4 
5 . 4 5 7 E - 0 4 

6 . 1 1 3 E - 0 4 
6 . 7 6 e E - 0 4 
7 . 4 2 3 E - 0 4 
8 . 0 7 5 E - 0 4 
8 . 7 3 * E - 0 4 
9 , 3 8 9 E - 0 4 
1 .004E-03 
1 .070E-03 
1 .136E-03 
1 . 2 0 I E - 0 3 
1 . 2 5 7 t - 0 3 
I . 3 3 2 E - 0 3 
1 .389E-03 
1 .389E-03 
1 .38SE-03 
I . 3 9 1 E - 0 3 
1 .393E-03 
1 .395E-03 
1 .395E-03 
1 .409E-03 
I . 4 2 9 E - 0 3 
1 . 4 7 0 E - 0 3 
1 .535E-03 
1 . 5 0 I E - 0 3 
1 .667E-03 
1 . 6 8 9 E - 0 3 
I . 7 3 e E - 0 3 
1 .804E-03 
1 .869E-03 
1 .935E-03 
2 . 0 0 C E - 0 3 
2 . 0 6 6 E - 0 3 
2 . 1 3 1 E - 0 3 
2 . 1 9 7 E - 0 3 
2 . 2 6 2 E - 0 3 
2 . 3 2 8 E - 0 3 
2 . 3 9 3 E - 0 3 

E-

MOLES/L 

0 . 0 
4 . 6 4 9 E - 0 9 
2 . 3 2 4 E - 0 8 
8 . 9 8 1 E - 0 7 
1 . 6 5 1 E - 0 6 
2 . I 9 8 E - 0 e 
2 . 1 8 6 E - 0 5 
8 . 3 1 8 E - 0 7 
* . 5 6 7 E - 0 7 
2 . 5 5 8 E - 0 7 
l . ' ; 2 4 E - 0 7 
9 . 0 1 3 E - 0 8 
6 . I 7 7 E - 0 8 
5 .4S7E-08 
t . l 9 3 E - 0 8 
3 . 1 3 6 E - 0 8 
2 . 3 9 8 E - 0 e 
l . e 6 3 E - 0 3 

l . t 5 5 E - 0 6 
I . 1 5 2 E - 0 8 
9 . 2 7 4 E - 0 9 
7 .4 30E-09 
5 . 9 8 7 E - 0 9 
' : . e 4 1 E - 0 9 
3 . 9 2 5 C - 0 9 
3 . I 8 9 E - 0 9 
2 . 5 9 6 E - 0 9 
2 . I 1 6 E - 0 9 
I . 7 2 5 E - 0 9 
1.4 10E-09 
1 .183E-09 
1 .17CE-0e 
4 . 5 4 5 6 - 0 8 
9 .32CE-07 
I . 6 9 1 E - 0 6 
2 . 2 i e E - 0 5 
2 . 1 9 5 E - 0 6 
8 . 1 2 2 E - 0 7 
4 . ' Y 4 7 E - 0 7 

2 . 5 1 9 E - 0 7 
1 . 6 3 2 E - 0 7 
1 . 1 5 0 E - 0 7 
8 . 9 1 0 E - 0 8 
6 . 2 4 0 E - 0 8 
6 . 9 5 5 E - 0 8 
5 . e 2 2 E - 0 8 
' ^ . 9 7 9 E - 0 8 
4 . 3 3 1 E - C 8 
3 . 8 I 9 E - 0 8 
3 . 4 0 1 E - 0 8 
3 . C 5 7 E - 0 8 
2 . 7 6 7 E - 0 3 
2 . 5 2 0 E - 0 P 
2 . 3 0 7 E - 0 S 
2 . 1 2 1 E - 0 3 

H* 

MOLES/L 

OH-

MOLES/L 

1 .C05E-11 I .OOOE-03 
2 . 5 7 2 E - 0 9 1 .000E-C3 

3 . 3 7 5 E - 0 
3 . 4 0 3 E - 0 
3 . 4 I 9 E - 0 
3 . 4 2 9 E - 0 
5 . 7 7 5 E - I 
2 . 6 1 1 E - 1 
1 . 0 0 5 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 5 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 6 F - 1 
1 . 0 0 6 E - 1 
U 0 0 6 E - 1 
1 . 0 0 5 E - 1 
1 . 0 0 6 E - 1 

1 . 0 0 6 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 5 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 5 E - 1 
1 .0P6E-1 
1 . 0 0 6 E - I 
1 . 0 0 6 E - 1 
1 . 0 0 6 E - 1 
1 . 0 0 6 E - 1 
3 . 2 4 6 e - 0 < 
3 . 3 7 9 E - 0 ' 
3 . 4 0 0 E - 0 ' 
3 . 4 0 6 E - 0 = 
3 .410E-0<: 
3 . 4 6 3 E - n 
1 . 3 0 7 E - 1 
1 . 0 0 6 E - I 
1 . 0 0 6 E - 1 1 
I . 0 0 5 E - 1 
I . 0 0 6 E - 1 
1 . 0 0 6 E - 1 I 
1 . 0 0 6 E - I I 
1 . 0 0 6 E - I I 
1 . 0 0 5 E - 1 I 
I . 0 0 6 E - 1 1 
1 . 0 0 6 E - I 1 
1 . 0 0 5 E - 1 1 
1 .C06E-11 
1 .0C6E-11 
1 . 0 0 6 E - U 
1 . 0 0 5 E - 1 1 
l . 0 " 5 E - l l 
1 . 0 0 5 E - 1 1 

9 l . u u u t - u j 
9 9 . 9 9 1 E - 0 4 
9 9 . 9 8 3 E - 0 4 
9 9 . 9 7 7 E - 0 4 
1 9 . 9 7 7 E - 0 4 
I g . 9 9 C E - 0 4 
1 9 . 9 9 2 E - 0 4 
1 9 . 9 9 5 E - 0 4 
I 9 . 9 9 6 E - 0 ' ' 
1 9 . -596E-04 
1 9 . 9 9 7 E - 0 4 
I 9 . 9 9 7 E - 0 4 
1 9 . 9 9 7 E - 0 4 
I 9 . 9 9 7 6 - 0 4 
1 9 . 9 9 7 E - 0 4 
1 9 . 9 9 7 E - 0 4 
I 9 . 9 9 7 E - 0 4 
1 9 . 9 9 e E - 0 4 
1 9 . 9 9 8 E - 0 4 

9 . 9 9 e E - 0 4 
9 . 9 9 8 E - C * 

1 9 . 9 9 8 E - C 4 
9 . 9 9 e E - 0 4 

1 9 . 9 9 e E - 0 4 
9 . 9 9 8 E - 0 4 

I 9.9<)£E-0«> 
9 . 9 9 8 E - 0 4 
9 . 9 9 8 E - 0 4 
9 . 9 9 6 E - 0 ' ! 

) 9 . 9 9 8 E - 0 4 
) 9 . 9 9 7 E - 0 4 

9 . 9 8 9 E - 0 4 
9 . 9 8 2 E - 0 4 
9 . 9 7 6 E - 0 ' -
9 . 9 7 6 E - 0 4 
9 . 9 9 1 E - 0 4 
9 . 9 9 3 E - 0 4 
9 . 9 9 5 E - 0 4 
9 . 9 9 7 E - 0 4 
9 . 9 9 7 E - 0 4 
9 . 9 9 8 E - 0 4 
9 . 9 9 8 E - 0 4 
9 . 9 9 e E - 0 4 
9 . 9 9 8 E - 0 4 
9 . 9 9 8 E - 0 ' i 
9 . 9 9 d E - 0 * -
9 . 9 9 8 E - 0 4 
9 . 9 9 9 E - 0 4 
9 . 9 9 8 E - 0 4 
9 . 9 9 9 E - 0 4 
9 . 9 9 9 E - 0 4 
9 . 9 9 9 E - 0 4 
9 . 9 9 9 E - 0 4 

OH 

MOLFS/L 

C O 
4 . 4 8 2 6 - 0 9 
2 . 2 4 0 E - 0 8 
6 . 4 8 6 6 - 0 7 
I . 5 4 3 E - 0 6 
2 . 0 4 8 E - 0 6 
2 . 0 3 5 E - 0 6 
6 . 4 9 3 E - 0 7 
2 . 3 7 2 E - 0 7 
7 . 2 0 3 E - 0 8 
3 . O 7 9 E - 0 8 
1 . 8 6 9 E - 0 3 
1 . 2 5 3 E - 0 e 
1 . I 0 9 E - 0 8 
7 . ' = 8 5 6 - 0 9 
5 . 9 2 5 E - 0 9 
4 . 4 9 2 E - 0 9 
3 . 4 6 6 6 - 0 9 
2 . 7 1 0 6 - 0 9 
2 . 139E-09 
1 . 7 0 2 E - 0 9 
1 . 3 8 2 E - 0 9 
1 . 1 1 4 E - 0 9 
e . 9 9 4 E - 1 0 
7 . 2 8 2 E - 1 0 
5 . 9 1 0 F - 1 0 
4 . 8 0 5 E - 1 0 
3 . 9 1 4 E - 1 0 
3 . 1 9 1 E - I 0 
2 . 6 0 5 E - 1 0 
2 . 1 7 9 E - 1 0 
1 . 0 3 6 E - 0 8 
4 . 2 8 6 6 - 0 9 
8 . 8 3 0 E - 0 7 
I . 5 8 ' t E - 0 5 
2 . 0 9 6 E - 0 6 
2 . 0 7 4 E - 0 6 
7 . 0 2 3 E - 0 7 
2 . 7 7 5 E - 0 7 
9 . 5 4 5 E - 0 8 
< . 5 1 3 6 - 0 3 
2 . 9 3 9 6 - 0 8 
2 . 1 2 2 E - 0 8 
1 . 9 2 8 E - 0 8 
1 . 5 3 2 E - 0 3 
1 . 2 3 5 E - 0 3 
1 . P 2 3 E - 0 8 
8 . 6 5 3 E - 0 9 
7 . 4 4 4 E - 0 9 
5 . 5 0 7 E - 0 9 
5 . 7 3 ' t E - 0 9 
5 . 0 9 9 E - 0 9 
4 . 5 6 8 E - 0 9 
* . 1 2 0 E - 0 9 
3 . 7 3 7 E - 0 9 

H 

MOLES/L 

0 . 0 
7 . 9 7 5 E - 1 0 
A.OOOE-09 
I . 7 7 5 E - 0 7 
3 . 5 5 4 F - 0 7 
5 . 3 2 1 E - 0 7 
5 . 3 1 9 E - 0 7 
4 . 2 2 9 E - 0 7 
2 . P 1 3 E - 0 7 
1 . 2 7 9 E - 0 7 
5 . 2 P 6 E - 0 8 
3 . 0 7 2 6 - 0 8 
2 . 0 5 9 6 - 0 8 
I . e 2 5 E - P 8 
1 . 6 I 8 E - 0 e 
1 . 1 8 7 F - 0 E 
e . ° ' 9 E - 0 9 
6 . B 7 8 E - 0 9 

5 . 3 6 0 6 - 0 9 
4 . 2 2 2 E - 0 9 
3 . 3 5 3 E - 0 9 
2 . 6 7 3 F - 0 9 
2 . 1 4 5 E - 0 9 
1 . 7 3 1 E - 0 9 
l . ' > P 0 E - 0 9 
I . I 3 5 E - 0 9 
9 . 2 3 2 6 - 1 0 
7 . 5 1 5 E - 1 0 
5 . 1 2 6 E - 1 0 
4 . 9 9 9 E - 1 0 
4 . 1 9 « E - I 0 
2 . 2 2 5 6 - 0 9 
8 . 0 6 8 E - 0 9 
1 . 8 6 2 F - 0 7 
3 . 7 7 5 E - 0 7 
5 . % 7 5 E - 0 7 
5 . 4 7 3 E - 0 7 
4 . 5 7 6 E - 0 7 
3 . 2 P I E - 0 7 
1 . 6 9 5 E - 0 7 
8 . 0 1 5 F - 0 8 
5 . 0 5 9 F - P B 
3 . 5 4 9 E - 0 8 
3 . 3 1 9 E - 0 S 
2 . 9 0 4 E - 0 8 
2 . 3 3 2 E - 0 8 
1 . 9 2 9 E - 0 8 
1 . 5 3 1 6 - 0 8 
1 . 4 C 2 E - 0 8 
l . 2 2 1 E - 0 a 
1 . 0 7 6 6 - 0 8 
9 . 5 7 1 6 - 0 9 
8 . 5 7 B E - 0 9 
7 . 7 4 P E - 0 9 
7 . 0 2 3 E - 0 9 

H2 

MOLES/L 

7 . 0 0 0 F - 0 4 
7 .PC0E-0/> 
7 . 0 0 0 F - P 4 
7 .0PPE-0 '> 
7 . 0 0 0 6 - 0 * 
7 . 0 P 0 E - 0 4 
7.0PC6-0A-
7 . 0 P 0 F - 0 ' -
7 . 0 0 0 F - P 4 
7 .0C0E-0 ' » 
7 . 0 0 0 E - 0 « -
7 , 0 0 0 6 - 0 4 
7 . 0 0 0 6 - 0 4 
7 . 0 P 0 6 - 0 4 
7 . 0 C 0 6 - 0 4 
7 . 0 P 0 E - 0 4 
7 . 0 P 0 F - 0 4 
7 . 0 0 0 6 - 0 * -

7 . 0 C 0 F - 0 4 
7 . 0 0 0 E - 0 ' -
7 ,OO0E-04 
7 , 0 0 0 E - 0 4 
7 , 0 C 0 E - 0 4 
7 , 0 0 0 F - 0 4 
7 . 0 0 P F - 0 4 
7 ,OCOE-04 
7 , 0 C P E - 0 ' ' 
7 . 0 0 0 6 - 0 4 
7 , 0 0 0 F - 0 6 -
7 , 0 0 0 6 - 0 4 
7 , 0 0 0 6 - 0 4 
7 . 0 C 0 E - 0 4 
7 . 0 0 0 F - 0 4 
7 , 0 0 0 6 - 0 4 
7 ,OPOE-04 
7 . 0 P 0 F - 0 ' » 
7 . 0 0 0 E - 0 4 
7 . 0 P 0 F - 0 A 
7 .PCOF-04 
7 . 0 0 0 E - 0 4 
7 .000E-0* ' -
7 . 0 0 0 E - ' ) 4 
7 . 0 0 0 E - 0 4 
7 . 0 0 0 F - 0 A 
7 , 0 P 0 E - 0 4 
7 , 0 0 0 E - 0 4 
7 . 0 0 0 6 - P * 
7 . 0 0 0 6 - 0 4 
7 ,OCOE-04 
7 , 0 0 0 F - 0 4 
7 , 0 0 0 E - 0 4 
7 , 0 0 O E - 0 4 
7 , 0 0 0 F - 0 4 
7 , 0 0 0 E - 0 « 
7 . 0 0 0 E - 0 4 
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2.459E-C3 
2.525E-C3 
2.590E-P3 
2,656E-03 
2,721E-03 
2.77bE-03 
2.778E-03 
2.778E-03 
2.780E-03 
2.782E-03 
2 .784 t -03 
2.784F-03 
2.796E-03 
2.8186-03 
2.859E-03 
2.924E-03 
2.990E-03 
3.056E-C3 
3.078E-03 
3 . i27E-03 
3.193E-C3 
3.258E-03 
3.324E-03 
3.389E-03 
3.455E-03 
3.52CE-C3 
3.586E-03 
3.651E-03 
3.717E-03 
3.782E-03 
3.843E-03 
3.914E-03 
3,979E-03 
4,045E-03 
4,110E-C3 
4,167E-03 
4.265E-03 
4.331E-03 
4.396E-03 
4.462E-03 
4,5276-03 
4,593E-03 
4,656E-03 
4,724E-03 
4.789E-03 
4,855E-03 
4,920E-03 
4.986E-03 
5.000E-03 

I .95eE-08 
1.814E-08 
1,536E-0B 
1.571E-08 
l ,467E-08 
I ,385E-08 
2,437E-06 
5,813E-08 
?,464E-07 
l ,599E-05 
2.242E-06 
2.219E-05 
8,4596-07 
4,786E-07 
2,949E-07 
l ,939E-07 
l ,439E-07 
1,146E-07 
1.072E-07 
9,236E-08 
7,95<E-C8 
6,998E-08 
6,256E-08 
5,653E-0g 
5,176E-08 
4,7696-08 
4,423E-06 
4.126E-C8 
3,868E-08 
3,541E-08 
3 , '40E-08 
3,250E-08 
3,099E-08 
2,953E-06 
2,821E-C8 
2,715E-08 
2,551E-08 
2,452E-08 
2,361E-08 
2,276E-08 
2 , I98E-08 
2 . I24E-08 
2,055E-08 
l ,991E-08 
I ,931E-08 
l ,874E-08 
I.82CE-C8 
I .770E-08 
1.759E-08 

1.005E-I 
1.005E-1 
I . 005E- I 
l,OOSE-l 
I ,005E-1 
I .0P5E-I 
3,245E-09 
3.379E-09 
3.399E-09 
3.404E-09 
3.4C6E-09 
3 . I 4 I E - I 
1.105E-I 
1,P06F-1 
l , 0 0 6 E - l 
l , 0 0 6 E - l 
I ,006E-1 
1.006E-1 
1.006E-I 
I , 005E- l 
1,006E-1 
1,005E-1 
I .005E-1 
1.005E-I 
1.005E-I 
1,005E-1 
I ,005E-1 
U005E-1 
l , 0 0 5 E - l 
1.005E-1 
I , 0 0 5 E - 1 
I , 005E- I 
l , 0 0 5 E - l 
1,005E-I 
l , 0 0 5 E - l 
1,005E-1 
1 ,0056-1 
1 , 0 C 5 E - 1 
1 ,0056-1 
1 ,0056-1 
1 .0056-1 
1 ,0056-1 
1.005E-I 
l , 0 0 5 E - l 
1,005E-1 
I ,005E-1 
1,0P5E-1 
I ,005E-1 
I , 005E- I 

9,9996-04 
9,9996-04 
9,999E-C4 
9,9996-04 
9.999E-P' 
9,999E-04 
9,999E-04 
9,99aE-04 
9.990E-04 
9.983F-04 
9.977E-04 
9.977E-0 ' 
9,991E-04 
9,99'>E-04 
9.995E-P4 
9.997E-04 
9,998E-04 
9,998E-04 
9,998E-04 
9,9986-04 
9.9966-04 
9.999E-04 
9,999E-04 
9,999E-04 
9,999E-04 
9,9996-04 
9,999E-04 
9,9996-04 
9,999E-04 
9,999E-04 
9,999E-04 
9,999E-04 
9,9996-04 
9,999E-04 
9.999E-04 
9,999E-04 
9,999E-04 
9.9996-04 
9.9996-04 
9.999E-04 
9.9996-04 
9.9996-04 
9,9996-04 
9,9996-04 
9,999E-0« 
9,999E-04 
9,999E-04 
9.9996-04 
9,9996-04 

3.406E-09 
3, 1186-09 
2,8566-09 
2.6436-09 
2,4456-09 
2,2896-09 
I.243E-08 
'•,494E-08 
8.854E-07 
1.586E-06 
2,0996-06 
2.075E-06 
5.987E-07 
2.731E-07 
9.293E-08 
4.419E-09 
2.909E-08 
2.122E-C8 
1.935E-08 
1.577E-03 
I.282E-09 
l ,071E-08 
9 , l49E-09 
7,9456-09 
5,9926-09 
6.231E-09 
5,5966-09 
5,0656-09 
4 ,6 I5E-09 
' , 230E-09 
3,8976-09 
3,607E-09 
3.351E-09 
3, I26F-09 
2,924E-09 
2.7556-09 
2.527F-09 
2.385E-09 
2,, 2576-09 
2. 1406-09 
2,033E-09 
1,9356-09 
1,8446-09 
l , 75 IE-09 
1,6836-09 
1,5116-09 
1,5446-09 
1.4826-09 
1,4676-09 

6,«-05E-09 
5.9676-09 
5,395 6-09 
4,9786-09 
4,6096-09 
4,3206-09 
5.1256-09 
1,1976-08 
1,9056-07 
3,8276-07 
5,5416-07 
5.5396-07 
'<. 5746-07 
3.371F-07 
1.7496-07 
8.2706-08 
5.2496-09 
3.826F-08 
3.«94E-08 
3.120E-08 
2.5376-09 
2.125E-P9 
I ,9 I9F-06 
I.584E-08 
l ,399F-08 
1.2'<8E-08 
1.125E-09 
1.0226-08 
9 ,3 ' ; I6 -09 
8,5926-09 
7,9<36-09 
7,3766-09 
6,B78E-0° 
6. ' .356-09 
6,C42E-09 
5,733E-09 
5.2626-09 
4.9846-09 
4.731E-09 
4.5C0E-09 
4.2986-09 
4.093E-09 
3.913E-09 
3.7476-09 
3,593E-09 
3,^496-00 
3,3166-09 
3, l "^IE-09 
3.1656-09 

7.0P0E-P4 
7.0006-04 
7.0C06-04 
7.0006-04 
7.0006-04 
7,0006-04 
7.000F-04 
7.00PF-04 
7.000F-04 
7.000E-04 
7,C00E-04 
7.0P0F-0't 
7.0P0F-04 
7.000E-04 
7,000F-04 
7,O0OE-O4 
7.0P0F-04 
7.0006-04 
7.CP0E-04 
7.0C06-04 
7.PC06-P4 
7.0006-04 
7.0006-04 
7,0006-04 
7,0006-04 
7,0006-04 
7,0006-04 
7,0006-04 
7,0006-04 
7,0006-04 
7.CP06-04 
7,0006-04 
7.0P0F-04 
7,0006-04 
7,000F-04 
7,000F-04 
7.0P0E-04 
7,000F-O4 
7,0OOE-O4 
7,00PE-04 
7,0POF-04 
7,PC0F-04 
7,0006-04 
7.0006-04 
7,000E-04 
7 .000F-0 ' 
7.0006-04 
7,0006-04 
7,0006-04 
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n3_ 02 H20 

TIME H202 H02- H02 02" 

SECONOS MOLES/L MOLES/L MOLES/L MOLES/L MOLES/L MOLES/L 

n n 0,0 4,900F-07 5,5356 01 
°'° °-° " - ^ , . , , ? ' ? i i F 11 3 4966-13 4,9006-07 5.530E 01 
l,00CE-09 l ,162E-09 l ,202E- 7 3.311E- 1 3.496 3 2 ,oo6-07 5,530F 01 
5,O0OE-C9 5.8116-09 1.5136-15 1.637E-10 S-^^^E 12 . • 5.530F 01 
2.00CE-06 2.329E-07 1.168E-10 '^.271E-09 l . Z l " - ^ ^ ^ ' f j ^ f . O T 5 530F 01 
4.000E-06 4.672E-07 9.8376-10 5.5946-09 * - 2 " f - ^ 8 t ,111-07 ^ .5306 01 
5.00CE-06 7.016E-07 3.0786-09 3.151E-09 7.9796-08 ^ - ^ ^ ^ ^ " "H'^l °\ 
6.050E-06 7.0166-07 3.144E-09 9.017E-09 8,074E-09 * - i | ' ' ^ _ ° ^ 5,530E 0 
2,00OE-05 5,717E-07 5.534E-09 2.867E-09 .^58E-07 ^ - ^ ^ ^ E ^ " ^ ,5306 0 
4.00CE-05 5.521E-C7 9,758E-08 1.250E-13 •989E-07 2-0956-07 5,530F 0 
8.096E-05 5.212E-07 9.223E-0e 1.255E-13 ' - ^ ^ ^ ^ " " ^ • 1 n r n 7 5*530F 0 
1 i b ' E - O * 4 882E-07 8,6416-06 1.2006-13 1,9096-07 1,1206-07 5,530E 01 

UC -o2 4 " 8 1 - 0 7 I'.zsllos 1,153E-13 1.B34E-07 9,572E-08 5,530E 01 
2,776E-C4 4,544E-07 8.044E-08 1,1176-13 l ,777E-07 8,658E-08 5,5306 01 
3 OOOE-04 4 509 -07 7,981E-08 1,1076-13 1,7616-07 8,4316-03 5.530E 01 
3 491E-04 4,447E-07 7.872E-08 1.0886-13 1.7316-07 8.0296-08 5.530F 01 
4,147E-04 4,386E-07 7.764E-08 1,0676-13 1.598E-07 7.6456-08 5.5306 01 
4,8026-04 4.340E-07 7,682E-08 1.052E-13 l,673E-07 7,371E-08 5,5306 01 
5,4576-04 4,304E-07 7,519E-08 l,0'fOE-l3 1,6546-07 7,1676-08 5,5306 01 
5,1136-04 4.2766-07 7.569E-08 1.030E-13 l,539E-07 7.013F-08 5,530E01 
6,758E-04 4,25*E-07 7,530E-08 1,023E-13 1.627E-07 6.894E-08 5.530E 01 
7.4236-04 4.237E-07 7.499E-08 1.017E-13 1.618E-07 6.8016-08 5.530F 01 
8.079E-04 4.223E-07 7.474E-08 1.0126-13 1.6106-07 6.728E-08 5.5306 01 
8.7346-04 4.2116-07 7.4546-06 1.008E-13 1.504E-07 6.670F-08 5.530E 01 
9.389E-04 4.2C2E-07 7.438E-08 1.005E-13 1.599E-07 6,623E-08 5,5306 01 
1,0046-03 4.1956-07 7,425E-Ce 1.003E-13 1,5956-07 6.5856-08 5,3306 01 
1.0706-03 4.189E-97 7.4I5E-08 l.OOlE-13 1.592E-07 6,556E-08 5,530E 01 
1.136E-03 4.184E-07 7.406E-08 9.991E-14 1.590E-07 6,532E-08 5.5306 01 
1.2016-03 4.180E-07 7.399E-08 9.977E-14 1.588E-07 6.512E-09 5,530E 01 
l,267E-03 4, l77E-07 7.393E-08 9.966E-14 1.586E-07 5.4976-08 5.5306 01 
1.3326-03 4.1746-07 7.36aE-08 9,957E-14 1.5846-07 6,484E-09 5.530E 01 
l,389E-03 4,1726-07 7.3856-08 9,951E-14 1,5836-07 6,4746-08 5,5306 01 
1,3896-03 4,208E-07 7,291E-08 7,504E-11 l,583E-07 6,'-746-09 5,5306 01 
1.389E-03 4.321E-07 6.998E-08 3.0746-10 1.583E-07 6.474E-08 5.530E 01 
1.391E-03 7.049E-07 2.434E-0e 3,500E-09 1,5926-07 5,508E-P8 5,530E 01 
1.393E-03 9.427E-07 l,179E-08 4,315E-09 l,580E-07 6,585E-08 5.5306 01 
1.3956-03 1.1646-06 9,7406-09 V,543E-09 l,541E-07 5,5686-09 5,53PE 01 
1.395E-03 l,164E-05 9.735E-09 4,359E-09 l,539E-07 6,671E-08 5,5306 01 
l,409E-03 1.04BE-CS 4.075E-09 5,9896-10 1.1796-07 5,2526-08 5,5306 01 
1,4296-03 e,182E-07 l,448E-07 6,226E-14 9,902E-08 5.252E-08 5,530E 01 
l,470E-03 7,253E-07 l,265E-07 5,175E-14 8.2326-08 3.921E-08 5.530E 01 
1.S35E-03 5.398E-07 1.132E-07 4,418E-14 7,0296-08 2.9396-08 5.530E 01 
l,601E-03 5,854E-07 l,038E-07 3,994E-14 6,35'VE-08 2,457E-09 5.530E 01 
1.667E-03 6,493E-07 9,723E-C9 3,707E-14 5,898E-08 2.162E-08 5,530E 01 
l,689E-03 5.389E-07 9,539E-08 3,526E-14 5,7726-09 2,085E-0B 5,5306 01 
1,7386-03 5.1956-07 9.1956-08 3.4776-14 5.532E-08 1.942E-09 5,5306 01 
1.804E-03 4,9966-07 8.827E-08 3.313E-14 5,272E-09 1.7976-03 5.5306 01 
l,369E-03 <,8166-07 8,5256-08 3,la2E-14 5,053E-03 l,683E-08 5,530E 01 
l,935E-03 4.672E-07 8.271E-C8 3,073E-14 4,889E-08 1.592E-P8 5.530F 01 
2.000E-03 4.550E-07 8,055E-08 2,981E-14 4,7436-08 1.517E-08 5,530E 01 
2,066E-03 4,444E-07 7.967E-08 2.902E-14 4.6176-09 1.4546-09 5.5306 01 
2.1316-03 4.3516-07 7.702E-0e 2.833E-14 4.508E-03 l,400E-08 5,530E 01 
2.197E-03 4.269E-07 7.557E-08 2.772E-14 4,412E-08 1.353E-P8 5.530E 01 
2,262E-03 4.195E-07 7.427E-08 2.7196-1'- 4.3266-08 1.3126-08 5.530>= 01 
2.328E-03 4,129E-07 7,310E-08 2,671E-14 4,250F-08 1,2766-08 5,530E 01 
2,393E-03 4,069E-07 7,2C4E-Ce 2.62eE-14 4,ieiE-08 l,243E-08 5.5306 01 
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2.459E-03 
2.525E-03 
2.5906-03 
2.656E-03 
2.721E-03 
2.77eE-03 
2,778E-03 
2,776E-03 
2.780E-03 
2.782E-03 
2.784E-03 
2.784E-03 
2,798E-03 
2,818E-C3 
2,8b9E-03 
2.924E-C3 
2,990E-03 
3,055E-C3 
3,078E-03 
3,127E-03 
3,193E-03 
3.258E-03 
3.324E-03 
3.389E-C3 
3.455E-C3 
3.520E-03 
3.586E-C3 
3.551E-03 
3,7176-03 
3.782E-03 
3.848E-03 
3.914E-03 
3.979E-03 
4,045E-03 
4,110E-C3 
4, 167E-C3 
4,255E-03 
4.331E-03 
4,396E-03 
4,4526-03 
4.527E-03 
4.5936-03 
4.658E-03 
4.724E-03 
4,789E-03 
4,855E-03 
4.92CE-03 
4.986E-03 
5.000E-03 

4.01EE-07 
3.965E-07 
3.919E-07 
3,877E-07 
3,839E-07 
3.807E-07 
3,842E-07 
3,953E-07 
6.638E-07 
8.99CE-07 
1,118E-06 
1.117E-06 
9.768E-07 
7.409E-07 
6,33<E-07 
E,351E-07 
4,74eE-07 
4,329E-07 
4,212E-07 
3,992E-07 
3,753E-07 
3,557E-07 
3,391E-07 
3.248E-07 
3.124E-07 
3.013E-07 
2.915E-07 
2.826E-07 
2.745E-07 
2.5716-07 
2.5046-07 
2.541E-07 
2.4836-07 
2.4296-07 
2,3796-07 
2,337E-07 
2,271E-07 
2.23CE-07 
2,191E-07 
2,155E-07 
2,12CE-07 
2.087E-07 
2,055E-07 
2,O25E-07 
l,996E-07 
l,969E-07 
l,943E-07 
1.917E-07 
1,9126-07 

7,1076-08 
7,0196-06 
5,9386-08 
6,8646-08 
6,7956-06 
6.74PE-0e 
6,6546-08 
6,3e7E-06 
2.123E-08 
8.066E-09 
4,670E-09 
4.510E-09 
1,3766-09 
1,3116-07 
1,1216-07 
9,472E-08 
8,4056-08 
7,5536-06 
7,4556-08 
7.0656-08 
6.6446-08 
6.297E-08 
5.0036-08 
5.751E-06 
5,530E-08 
5.335E-08 
5,160E-08 
5,003E-08 
4,860F-08 
4.729E-08 
4,609E-08 
4,499E-08 
4.395E-08 
4.300E-0L 
4.211E-08 
4.138E-08 
4.021E-08 
3,948E-P8 
3.880E-08 
3,815E-08 
3.753E-C8 
3,694E-08 
3,639E-08 
3,585E-08 
3.535E-08 
3,486E-0e 
3.439E-08 
3.395E-08 
3.3856-08 

2.5896-14 
2,653E-l': 
2.5216-14 
2.4916-14 
2,4636-14 
2.441E-14 
7,453E-ll 
3,053E-10 
3,351E-09 
3,961E-09 
4,077E-09 
3.736E-09 
1,795E-10 
1,821E-14 
1.456E-14 
1,203E-14 
1.053E-14 
9,585E-15 
9,4246-15 
8,923E-15 
8,3756-15 
7.930E-15 
7,55SE-15 
7.242E-15 
6,967E-15 
5,725E-15 
5,510E-15 
6.317E-15 
6.142E-I5 
5,983E-15 
5,837E-15 
5.703E-15 
5,579E-15 
5.463E-15 
5,355E-15 
5.257E-15 
5.127E-15 
5.0406-15 
4,9576-15 
4,8796-15 
4,806E-15 
4,735E-15 
4,669E-15 
4,605E-15 
4,544E-15 
4.486E-15 
'».430E-15 
4.377E-15 
4.365E-15 

'••.1196-08 
4.0536-08 
4,0116-09 
3,9546-03 
3,920E-OB 
3,8856-08 
3.885E-09 
3,8866-08 
4,1576-08 
4,5176-08 
4,77 46-09 
4.7826-09 
3,5936-03 
2,8956-OE 
2.316E-03 
1.913F-08 
1.6916-08 
1.5416-08 
1,5006-03 
1,4206-08 
1,3336-08 
1.262E-09 
1,2036-08 
l,152E-08 
l,109E-08 
1,070E-03 
l,036E-09 
1,005E-08 
9.774E-09 
9.52IE-09 
9,289E-09 
9,075E-09 
8,8776-09 
8.594E-09 
8,5226-09 
8.3826-09 
8.1586-09 
8.020E-09 
7«889E-09 
7.765E-09 
7.647E-09 
7.536E-09 
7,4306-09 
7,32BE-09 
7,231E-09 
7,139E-09 
7,0506-09 
6,955E-09 
6,9476-09 

1,214E-P8 
l,ie8E-08 
1.I65E-08 
1.143F-P8 
1.123E-PP 
1.108E-08 
l.ICBE-08 
l,lC8E-oe 
1.128E-0e 
i.ie7F-oe 
l,280E-08 
l,285E-08 
1.4t7E:-oe 
l,257E-08 
9,3406-09 
6,8086-09 
5.535E-09 
4.7<-6E-09 
4.537E-09 
4.152E-09 
3.755E-09 
3.443E-09 
3.190E-09 
2.980E-09 
2.B01E-09 
2.6'8E-09 
2,514E-09 
2,395E-09 
2,291E-09 
2,1056-09 
2,lllE-09 
2.0336-09 
1.9636-09 
1.8986-09 
1.938E-09 
1.7896-09 
1.7126-09 
1.665E-09 
1.5216-09 
1.5B0F-09 
1.542E-09 
1.505E-C9 
1.471E-09 
1.4396-09 
1.4066-09 
1.3786-09 
1.3506-09 
1.324E-09 
1,3186-09 

5.5306 
5.5306 
5.5306 
5.530F 
5.530F 
5.530F 
5.530E 
5.5306 
5.5306 
5.5306 
5.5306 
5,5306 
5,5306 
5.5306 
5,530E 
5,5306 
5.530E 
5.5306 
5.5306 
5,530E 
5,530E 
5,5306 
5,530E 
5,530F 
5,530F 
5,530E 
5,530E 
5,530E 
5,5306 
5,53PF 
5,5306 
5,5306 
5.530F 
5.530F 
5,530F 
5.5306 
5.530E 
5.5306 
5.530E 
5.5306 
5.5306 
5.530E 
5.5306 
5,530E 
5,530F 
5,530F 
5,5306 
5,5306 
5,5306 

01 
PI 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
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TIME DUMMY HA* CONDC ABSC OT 

S6C0N0S M0L6S/L MOLES/L MHO/CM 
/CM SEC 

CO l.OOOE 00 l,000E-03 2,183E-10 CO I'l^ll^H ° ° 
l,OO0E-C8 l.OOCE 00 1,OGOE-03 l,659E-09 6,600E-05 ^-OCOE U t u 
5,O0OE-08 1,000E 00 l.OOOE-03 2.095E-O9 ' . " 9 E - 0 4 ^-OOOE 10 0 0 
2.OOOE-05 l.OOCE 00 l.OOCE-03 -5,966E-09 l - " 2 E - 0 2 5 . 2 0 E O B 0 0 
4,00CE-06 l.OOCE 00 l.OOCE-03 -1.554E-08 3-055E-02 5 , 2 0 _ 0 8 CO 
6,000E-06 UOOOE 00 l,000E-03 -2,488E-03 4,057E-02 5-120E 08 0 0 
6,050E-06 UOOCE 00 l,000E-03 -2.683E-08 4.044E-02 '-OCOF 10 CO 
2,000E-05 l.OOCE 00 l.OOCE-03 -2,930E-08 1.539E-C2 5. 20F 08 CO 
4,OO0E-05 UOOOE 00 l.OnOE-03 -4.449E-08 e.449F-03 8 , 9 2 E - 0 7 CO 
8,095E-05 UCOOE 00 l.OOOE-03 -^.229E-09 4.732E-03 8.192E-07 CO 
1.465E-04 l.CCOE 00 1.0006-03 -3.9256-08 2.6346-03 - " 8 6 - 0 6 CO 
2.120E-04 UOOOE 00 1 .OOOE-03 -3.740E-09 l - ^ f l f - " • " ^ ^ ' ^ ^ n 'n 
2.776E-04 l.COCE 00 UOPCE-03 -3,602E-C8 l - l *3E-03 - " 8 E - 0 6 CO 
3.OOOE-04 UOOCE 00 I,0OOE-C3 -3,575E-09 U017F-03 1.538E-06 CO 
3.491E-04 UOOOE 00 l,000E-03 -3,494E-03 7,757E-0't 1.539E-05 CO 
4,147E-04 UOOOE 00 l,000E-03 -3.436E-09 5.801E-04 3,277E-06 CO 
4,8026-04 UCOOE 00 UOPOE-03 -3,392E-08 4.437E-04 3.277E-06 CO 
5.457E-04 UOOOE 00 UOOOE-03 -3,335E-08 3,447E-04 3,277E-05 CO 
6,113E-C4 UOOOE 00 UOOCE-03 -3,326E-08 2,710E-04 3,277E-06 CO 
6,758E-C4 UCOOE 00 l,00CE-03 -3,287E-08 2, 149E-04 3.277E-06 CO 
7,»23E-04 l.OOOE 00 UOOOE-03 -3.270E-08 l,716E-04 3,2776-06 0,0 
8,079E-04 UCOOE 00 l,000E-03 -3,245E-08 U375E-0'> 3,2776-05 CO 
8,7346-04 1,0006 00 1,0006-03 -3,2*9E-08 l,108E-04 3,277E-06 CO 
9,389E-04 UOOOE 00 l,000E-03 -3,241E-08 8.957E-05 3,277E-05 CO 
U004E-03 UOOOE 00 l,0P0E-03 -3,215E-08 7,252E-05 3.277E-06 0.0 
1.070E-03 UCOOE 00 l.OOGE-03 -3.216E-08 5.901E-05 3.277E-06 0.0 
U135E-03 UOOOE 00 UOOOE-03 -3,2006-08 4,8026-05 3,2776-06 CO 
U201E-03 UOOCE 00 UOOOE-03 -3,212E-08 3,914E-05 3,277E-06 0.0 
l,267F-03 UOOOE 00 l,000E-03 -3.201E-08 3. 193E-05 3.277E-06 CO 
U332E-03 UOOCE 00 l,00CE-O3 -3.193E-08 2,5086-05 3,2776-05 CO 
U389E-03 1,00C6 00 1,0006-03-3,2106-08 2.189E-05 3.2776-05 CO 
1.3896-03 l.OOOE 00 1,OOOE-03 -3,014E-08 2. 165E-04 4,C00E-10 CO 
1,3896-03 UOOOE 00 1,000E-C3 -2,960E-08 8.409E-04 4,0OOE-10 0,0 
U391E-03 UOOOE 00 1,OOOE-03 -2.935E-08 U724E-02 5.120E-08 CO 
1.393E-03 UCOOE 00 1.0006-03 -3.292E-08 3.110E-02 5.120E-08 0.0 
1.395E-03 l.OOOE 00 l.OOOE-03 -3.590E-08 4 . 104E-02 5.120F-08 CO 
l,39SE-03 UOOCE 00 l,000E-03 -3,786E-P8 4,061E-02 4.P00E-10 CO 
1,409E-03 l.OOOE 00 l.OOOE-03 -2.1526-08 1,5036-02 5,1206-09 CO 
U429E-03 UOOOE 00 1,OOOE-03 -3,8i-6E-09 8,227E-03 R,192E-07 CO 
U470E-03 UOOOE 00 l.OOCE-03 -3.235E-0e 4.845E-03 8.192E-07 P.O 
U535E-03 UOOOE 00 UOOOE-03 -2,752E-08 3,020E-03 l ,e33E-05 CO 
1.601E-03 l.OOOE 00 1,OOOE-03 -2,488E-08 2,l47E-03 l,63eE-06 0,0 
l,6o7E-03 UOOOE 00 UOOOE-03 -2,314E-06 1.6486-03 1.6386-05 P.O 
U689E-03 UOOOE 00 l,000E-03 -2,2506-08 1,5246-03 1,6396-05 CO 
1.736E-03 UOOCE 00 U0P0E-C3 -2,16CE-08 U289E-03 1,6386-06 CO 
l,804E-03 l.OOCE 00 1,0006-03 -2.047E-08 l ,077E-03 3,277E-05 CO 
1.869E-03 UOOOE 00 UCOOE-03 -U973E-08 9,211E-04 3,277E-05 CO 
l,935E-03 UOOOE 00 U000F-C3 -U905E-08 8.013E-04 3,277E-06 CO 
2.000E-03 UOOOE 00 l,000E-03 - l , 844E-08 7,054E-04 3.277E-06 CO 
2.065E-03 l.OOOE 00 1.OOOE-03 -U810E-08 5.2926-04 3.2776-05 CO 
2.1316-03 1.0005 00 1,0006-03 -1.7756-08 5.555E-04 3.2776-06 CO 
2,197E-03 UOOOE 00 UOOOE-03 -U727E-08 5,118E-04 3,277E-06 0,0 
2,252E-03 UOOOE 00 UOOOE-03 -U6a9E-08 4,651E-04 3,277E-06 CO 
2,3286-03 UOOOE 00 1,0006-03 -1,5716-08 4.267E-04 3,277E-06 0.0 
2,3936-03 UOOOE 00 UOOOE-03 -1.6356-08 3.924E-04 3,2776-05 0.0 
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2 . 4 5 9 E - 0 3 
2 . 5 2 5 E - 0 3 
2 . 5 9 0 E - 0 3 
2 . 6 5 6 E - C 3 
2 . 7 2 1 E - 0 3 
2 . 7 7 8 E - 0 3 
2 , 7 7 8 E - 0 3 
2 , 7 7 8 E - 0 3 
2 , 7 8 0 E - 0 3 
2 , 7 8 2 E - 0 3 
2 , 7 8 4 E - 0 3 
2 , 7 8 4 E - 0 3 
2 , 7 9 8 E - 0 3 
2 . 8 1 8 E - 0 3 
2 , 8 5 9 E - C 3 
2 , 9 2 4 E - 0 3 
2 . 9 9 0 E - 0 3 
3 , 0 5 6 E - 0 3 
3 , 0 7 8 E - 0 3 
3 , 1 2 7 E - 0 3 
3 , 1 9 3 E - 0 3 
3 , 2 5 8 E - 0 3 
3 , 3 2 4 E - 0 3 
3 , 3 8 9 E - 0 3 
3 , 4 5 5 E - 0 3 
3 . 5 2 0 E - 0 3 
3 , 5 8 6 E - C 3 
3 , 5 5 1 E - 0 3 
3 , 7 1 7 E - 0 3 
3 , 7 8 2 E - 0 3 
3 , 8 4 e E - 0 3 
3 . 9 1 4 E - 0 3 
3 , 9 7 9 E - 0 3 
4 . 0 4 5 E - 0 3 
4 . 1 1 0 E - 0 3 
4 , 1 6 7 E - 0 3 
4 , 2 5 5 E - 0 3 
4 , 3 3 1 E - 0 3 
4 , 3 9 5 E - 0 3 
4 , 4 6 2 E - 0 3 
4 , 5 2 7 E - 0 3 
4 . 5 9 3 E - 0 3 
4 . 6 5 8 E - 0 3 
4 . 7 2 4 E - 0 3 
4 . 7 8 9 E - 0 3 
4 . 8 5 5 E - 0 3 
4 , 9 2 0 E - 0 3 
4 . 9 a 6 E - 0 3 
5 . 0 0 C E - C 3 

l.OOOE 
UOPOE 
UOOOE 
UOOOE 
UOOOE 
UOOCE 
UOOCE 
UOOOE 
UOOOE 
UOOOE 
UOOCE 
UOOCE 
UOOOE 
UOOCE 
UOOOE 
UOOOE 
UOOCE 
UCOOE 
UOOOE 
1,00CE 
UOOOE 
UOOCE 
UOOCE 
UOOOE 
UOOOE 
UOOOE 
1 ,000E 
1 ,000E 
UCOOE 
UOOOE 
l.OOOE 
l.OOOE 
l.OOOE 
l.OOOE 
l.OOOE 
l.OOOE 
l.OOOE 
l.OOCE 
l.OOOE 
UOOOE 
l.OOOE 
UOOOE 
l.OOOE 
l .OOCE 
UOOCE 
l.OOOE 
UOOOE 
l.OOOE 
UOOOE 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
OC 
00 
00 
00 
00 
00 
00 
CO 
00 
00 
00 
00 
00 
00 
00 
CO 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

l , O 0 O E - 0 3 
l .OOOE-03 
1,OOOE-03 
1,OOOE-03 
1,OOOE-03 
UOOOE-03 
l . O O C E - 0 3 
1 . 0 0 0 E - P 3 
1.OOOE-03 
l , 0 P 0 E - O 3 
1,OOOE-03 
UCOOE-03 
UOOOE-03 
UOOOE-03 
1.OOOE-03 
I ,OOOE-03 
l .OOOE-03 
l .OOOE-03 
UOOOE-03 
l , 0 0 C E - 0 3 
l , 0 0 0 E - 0 3 
l ,O0OE-O3 
1,OOOE-03 
l .OOOE-03 
l , 0 0 C E - 0 3 
U O O C E - 0 3 
1,OOOE-03 
1,OOOE-03 
l , 0 0 0 E - 0 3 
1,OOOE-03 
l .OOOE-03 
UOOOE-03 
UOOOE-03 
l .OOOE-03 
l .OOOE-03 
l .OOOE-03 
1.OOOE-03 
1.OOOE-03 
1.OOOE-03 
l .OOOE-03 
l .OOOE-03 
1,OOOE-03 
UOOOE-03 
1,OOOE-03 
1,OOOE-03 
1,OOOE-03 
UOOOE-03 
I ,OOOE-03 
UOOOE-03 

- U 6 2 5 E - 0 8 
- 1 . 5 0 4 E - O e 
- 1 . 5 7 3 E - 0 9 
- 1 . 5 6 3 E - 0 8 
- U 5 4 8 E - 0 8 
- 1 . 5 1 8 E - 0 8 
- 1 . 3 4 5 E - 0 8 
- l , 2 9 5 E - 0 8 
- l , 3 3 0 E - O 8 
- l , 7 5 6 E - 0 9 
- 2 , l 2 5 E - 0 8 
- 2 , 3 3 3 E - 0 8 
- l , 0 * 8 E - 0 9 
- 2 , 7 2 7 E - 0 9 
- 2 . 2 1 6 6 - 0 3 
- 1 . 9 0 9 6 - 0 9 
- 1 . 5 8 5 6 - 0 8 
- 1 . 4 3 C E - 0 8 
- 1 . 3 S 7 E - 0 9 
- U 2 9 4 E - 0 B 
- U 2 1 7 E - 0 8 
- 1 . 1 2 6 E - 0 8 
- 1 , 0 9 7 E - 0 8 
- l , 0 2 6 E - 0 8 
- 9 , 8 3 1 E - 0 9 
- 9 . 5 7 7 E - 0 9 
- 9 , 1 0 9 E - 0 9 
- 8 , 9 6 4 E - 0 9 
- 3 , 5 5 e E - 0 9 
- 8 . 4 8 4 E - 0 9 
- 9 , 0 7 6 E - 0 9 
- 3 . 0 0 4 E - 0 9 
- 7 , 5 9 8 E - 0 9 
- 7 , 5 0 9 6 - 0 9 
- 7 , 5 3 6 6 - 0 9 
- 7 , 2 3 2 6 - 0 9 
- 7 . 1 7 4 6 - 0 9 
- 7 . 0 8 7 6 - 0 9 
- 6 . 7 6 7 6 T 0 9 

- 5 . 7 3 8 5 - 0 9 
- 5 . 6 5 0 6 - 0 9 
- 5 , 4 4 6 E - 0 9 
- 6 , 4 0 3 E - 0 9 
- 5 , 2 1 4 E - 0 9 
- 6 . 2 1 4 E - 0 9 
- 5 , 0 2 4 E - 0 9 
- 6 , 0 8 3 E - 0 9 
- 5 , 9 3 7 E - 0 9 
- 5 , 8 9 4 E - 0 9 

3 . 6 2 3 E - 0 ' t 
3 , 3 5 6 E - 0 4 
3 , 1 1 3 F - 0 ' , 
2 . 9 0 5 E - 0 4 
2 . 7 1 4 6 - 0 4 
2 , 5 6 3 E - 0 4 
4 . 5 0 9 6 - 0 4 
U 0 7 5 E - 0 3 
1 , 7 5 1 6 - 0 2 
3 , 1 4 4 E - 0 2 
4 , 1 4 7 6 - 0 2 
» , 1 0 5 E - 0 2 
l , 5 5 5 ' = - 0 2 
B , e 5 4 E - 0 3 
5 , 4 5 5 E - 0 3 
3 , 5 8 6 6 - 0 3 
2 , 5 6 1 6 - 0 3 
2 , 1 2 0 6 - 0 3 
1 , 9 8 3 6 - 0 3 
1 , 7 0 9 6 - 0 3 
1 , 4 7 2 6 - 0 3 
l , 2 9 5 E - 0 3 
l , 1 5 7 E - 0 3 
U 0 4 8 E - 0 3 
9 , 5 7 5 E - 0 4 
9 . 8 2 2 6 - 0 4 
e . l 8 3 E - 0 4 
7 , 6 3 3 E - 0 4 
7 , 1 5 5 E - 0 4 
6 , 7 3 5 E - 0 4 
6 , 3 6 3 E - 0 4 
6 . 0 3 1 E - 0 4 
5 , 7 3 3 E - 0 4 
5 . 4 5 4 E - 0 4 
5 , 2 1 9 E - 0 4 
5 . 0 2 3 E - 0 4 
4 , 7 2 0 6 - 0 4 
4 . 5 3 7 6 - 0 4 
4 , 3 5 9 6 - 0 4 
4 , 2 1 1 6 - 0 4 
4 , 0 5 5 6 - 0 4 
3 . 9 3 0 6 - 0 4 
3 . 8 0 3 E - 0 4 
3 . 6 8 3 E - 0 4 
3 , 5 7 2 E - 0 4 
3 , 4 5 7 E - 0 4 
3 . 3 6 7 E - 0 4 
3 . 2 7 4 6 - 0 4 
3 , 2 5 4 E - 0 4 

3 , 2 7 7 E - 0 6 
3 , 2 7 7 E - 0 5 
3 , 2 7 7 6 - 0 6 
3 , 2 7 7 6 - 0 6 
3 . 2 7 7 6 - 0 5 
3 , 2 7 7 6 - 0 6 
4 , 0 0 0 6 - 1 0 
4 ,OOOF-10 
5 , 1 2 0 6 - 0 8 
5 . 1 2 0 6 - 0 8 
5 , 1 2 0 6 - 0 8 
4 . 0 P O F - 1 0 
5 . 1 2 0 6 - 0 8 
8 . 1 9 2 E - 0 7 
8 , l 9 2 E - 0 7 
l , 6 3 8 E - 0 5 
U 5 3 8 E - 0 5 
1 . 5 3 9 E - 0 5 
U 6 3 8 E - 0 5 
l , 6 3 B E - 0 6 
3 , 2 7 7 6 - 0 6 
3 . 2 7 7 E - 0 6 
3 . 2 7 7 6 - 0 6 
3 . 2 7 7 6 - 0 5 
3 . 2 7 7 6 - 0 5 
3 , 2 7 7 E - 0 6 
3 , 2 7 7 6 - 0 6 
3 , 2 7 7 6 - 0 5 
3 , 2 7 7 E - 0 5 
3 , 2 7 7 6 - 0 6 
3 , 2 7 7 F - 0 6 
3 , 2 7 7 6 - 0 5 
3 , 2 7 7 6 - 0 5 
3 , 2 7 7 6 - 0 6 
3 , 2 7 7 6 - 0 6 
3 , 2 7 7 6 - 0 6 
3 , 2 7 7 6 - 0 6 
3 , 2 7 7 E - 0 6 
3 . 2 7 7 E - 0 5 
3 , 2 7 7 E - 0 6 
3 . 2 7 7 6 - 0 6 
3 . 2 7 7 6 - 0 5 
3 . 2 7 7 5 - 0 6 
3 , 2 7 7 5 - 0 6 
3 . 2 7 7 E - 0 5 
3 , 2 7 7 E - 0 6 
3 , 2 7 7 E - 0 6 
3 . 2 7 7 6 - 0 5 
3 , 2 7 7 E - 0 6 

C O 
C O 
C O 
0 . 0 
C O 
C O 
C O 
C O 
0 . 0 
C O 
C O 
P,0 
C O 
0 . 0 
C O 
O.P 
C O 
C O 
C O 
C O 
0 . 0 
C O 
C O 
0 . 0 
C O 
C O 
C O 
C O 
C O 
C O 
C O 
C O 
0 , 0 
0 , 0 
C O 
C O 
C O 
C O 
C O 
C O 
C O 
C O 
C O 
0 . 0 
C O 
C O 
C O 
C O 
C O 

TIME NEEDED FOR THIS RUN: 0,91 MIN 



4. THE FORTRAN PROGRAM 

4.1 Subroutines 

,^,TT^ J CTTT-ADY described in Section 2, Besides the subroutines IONIC and STEADY aesc 
program WR20 includes the following subroutmes: 

1 ,^f = cr,<=rips from the number of + 
SCAN: Determines the charge of a species i rum 

or - signs in its name. 
STORE- Stores time and concentrations values selected for output. 

Calculates once the initial conductivity H„ and the optical absorbance Ao, 
and periodically their changes with time AK(t) and AA(t): 

HO = ( iQjAjVjViooo. 

Ao = ZsjVj, 
J 

AH(t) = -Ho + (ZQjAjc j ( t )y iOOO, 

AA(t) = -Ao + EejCj( t ) . 
J 

Y- being the initial value of c;. A; the equivalent conductance, and e- the 
molar absorptivity. 

In addition to these subroutines, the program requi res the ANL-
AMD Library Function TLEFT (not included in the source deck), which 
gives the real time (in hundredths of a second) left for the ASP job. 

This function is used to perform periodical time checks and to 
obtain a printout of all stored resul ts if either the time linnit of an individ­
ual run is reached, or 30 sec are left of the time specified on the Job Card. 

If the function TLEFT should not be available, one can make the 
program operational by adding to the source deck the following dummy 
function subroutine: 

FUNCTION TLEFT(X) 

TLEFT = 5000. 

RETURN 

END 
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In this case, no periodical time checks will be performed, and 
exceeding the ASP job time limit will cause an abnormal termination 
of the job, with no results printed out. 

4.2 FORTRAN Notation 

Table II lists most variables and constants used in program WR20 
and/or its subroutines. Arrays are included in the list, but no dimensions 
are given. The list does not include indices of DO loops. Statement Func­
tion names, and the names of some quantities that are only used through 
a few consecutive statements and whose definition is clearly evident from 
the source-deck listing. 

TABLE II. FORTRAN Notation in WR20 and Subrout ines 

FORTRAN 
Notation 

Notation 
in Tex t .^ 

if Different Explanat ion 

A 

AO 

A l , A2 

AAC 

AAN 

ABSC 

ABSCHG 

ABSI 

AC 

ACCFAC 

AE 

AM 

AN 

B 

BEGIN 

BL 

BLANK 

C 

cc 
C C M A X 

C C M I N 

C H 

C H A R G E 

C H G S U M 

C I 

C O M E N T 

C O N D C 

m i 

A , . A2 

Ao 

A'. 

H^, HA-". e t c . 

Name of spec i e s m r eac t i on equation 

Coefficient of quad ra t i c equation 

Same^ 

Same as AC, r e a r r a n g e d for output 

Same as AN, r e a r r a n g e d for output 

Absorbance change 

Sum of absolu te va lues of spec ies cha rges 

Ini t ia l ab so rbance 

Name of spec i e s in l i s t of spec ies 

A c c u r a c y fac tor 

Name of spec i e s in d i s soc i a t i on equation 

Coeff icients of A d a m ' s ex t rapola t ion formula 

Headings in concen t ra t ion t ab les {MOLES/L, e tc . ) 

+ or - s ign in r eac t i on equat ions 

Begin of ca lcu la t ion ( r e a l t ime) in uni ts of 0.01 sec 

F o u r b lanks 

Eight b lanks 

Concen t r a t i on 

Concen t ra t ion va lues s to red for output 

M a x i m u m value of CC 

Min imum value CC 

C h a r g e of s p e c i e s {REAL*8) 

Cha rge of s p e c i e s (INTEGER) 

A l g e b r a i c s u m of c h a r g e s ( ini t ial value) 

Ini t ia l concen t r a t ion 

C o m m e n t on addi t ional comment c a r d s 

Conduct ivi ty change 

ain t h i s r e p o r t a n d / o r in ANL-7199. 
^ A l s o used a s n a m e of s t a t emen t function in subrout ine IONIC. 



TABLE n (Contd.) 

FORTRAN 
Notation 

CONDI 

C P 

CO 

CSK 

DCDT 

DFDC 

DFDCAB 

DR 

DT 

DTMAX 

DTMIN 

DTP 

DTPMIN 

DTREQ 

EQ 

EQ2 

EQCO 

EXT 

F 

F P 

G 

HPLUS 

ID IF 

IF AIL 

ILINK 

ION 

IPUNCH 

ISHIFT 

ISK 

ISKl 

ISK 2 

ISKIP 

1ST 

ISTEP 

lUN 

IWARN 

JEND 

JSK 

JSKl 

Notation 
in Text ,» 

if Different 

bfi/bCj 

'max 

''"min 

Ki 

F([H+]) 

[H+], [OH-] 

Explanat ion 

Init ial conductivity 

In main p r o g r a m ; conci e n t r a t i o n s , r e a r r a n g e d in g roups of s ix 

In subroutine STEADY: i n t e r m e d i a t e concen t r a t i on va lue 

In te rmedia te concent ra t ion value 

Concentra t ion of a skipped spec i e s 

dCj/dt 

See ANL-7199, p. U 

Absolute value of DFDC 

Dose ra te 

Time inc remen t used for in tegra t ing a l g o r i t h m 

Maximum Time Inc remen t 

Minimum Time Inc remen t 

Model t ime e lapsed since las t pr in tout of c o n c e n t r a t i o n s 

Minimum P r i n t In te rva l 

Required t ime i n c r e m e n t 

Dissocia t ion constant en t e r ed on data c a r d s 

Dissocia t ion constant for second s tage of d i s s o c i a t i o n 

Equivalent conductance 

Molar absorp t iv i ty 

Funct ion used for Newton 's nnethod (in subrou t ine IONIC) 

P r e v i o u s value of F 

Radiation yield 

Concent ra t ion of f i r s t s p e c i e s of d i s s o c i a t i o n equat ion 

Total number of s t eps (old t i m e i n c r e m e n t s ) in "l ink" rou t ine (see 
ANL-7199, F i g . 1) 

Index that b e c o m e s 1 if subrou t ine IONIC or STEADY fai ls 

Index cont ro l l ing "l ink" rou t ine (see ANL-7199 , F i g . 1) 

Ionic Equ i l i b r i um Ins t ruc t ion 

Cont ro l s s t o r age on tape of output for plott ing p u r p o s e s 

Index control l ing r e a r r a n g e m e n t of d i s s o c i a t i o n equa t ions 

ISK = 1 l abe l s r e a c t i o n s skipped on c a r d s with 1ST i 1 

ISKl = 1 l abe l s r e a c t i o n s involved in ionic d i s s o c i a t i o n or 
r ecombina t ion 

ISK2 = 1 l abe l s r e a c t i o n s skipped on c a r d s with 1ST ^ 2 

S imi l a r to ISHIFT 

Steady State I n s t r u c t i o n 

Index d e t e r m i n i n g s tep s ize in "l ink" rout ine (see ANL-7199 , F i g . 1) 

Unskipping Ins tpuc t ion 

B e c o m e s 1 after p r in tou t of p o o r - c o n v e r g e n c e warn ing 

Number of e i g h t - c h a r a c t e r comment words 

JSK = 1 l abe l s skipped spec ies 

Labe l s spec i e s p r o c e s s e d by STEADY and d e t e r m i n e s the option 
to be used 
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TABLE II (Contd.) 

FORTRAN 
Notation 

Notation 
in Tex t ,* 

if Different Explanat ion 

K O E F F 

K O E F L 

KOMENT 

KSK 

LCYCL 

LEO 

L E T T E R 

LIMT 

LT 

Ml 

M2 

MAXIEQ 

MINUS 

MORE 

M R E P 

MT 

NAME 

NC 

NCI - NC4 

NEQ 

NORUN 

NR 

N R E P 

NRS 

NT 

NTl 

NT 2 

P 

P L 

PLUS 

PROD 

Q 

R F 

fU< 

RNTM 

S 

SB, SE 

SG-SJ 

SLOPE 

kic'iicii 

C / T 

Coefficients of d i f ferent ia l equat ions 

Cont r ibu t ion to K O E F F by left s ide of r eac t ion equation 

C o m m e n t on Run Number Card 

KSK = 1 l abe l s r e a c t i o n s to be skipped 

Orde r of app rox ima t ion in Adam' s formula 

Ident i f ier for spec ies p r o c e s s e d by IONIC 

Same a s NAME, but each c h a r a c t e r one four -byte word 

T i m e l imi t for run in minu tes 

Running n u m b e r of p r in ted line 

Number of f i r s t spec i e s in reac t ion equation 

Number of second spec ies in r eac t i on equation 

M a x i m u m value occur ing for ION a n d / or 1ST 

- s ign (in subrout ine SCAN) 

Number of addi t ional comment c a r d s 

Repet i t ion fac tor 

To ta l number of t ime i n t e r v a l s (taking into account the repe t i t ion 
fac tor ) 

Name of spec i e s (in subrout ine SCAN) 

Tota l number of spec i e s 

NC + 1, 2. 3. 4 

Number of d i s soc i a t i on equat ions 

Run n u m b e r 

Number of r e a c t i o n s 

Same a s M R E P 

Number of a r eac t i on to be skipped 

Number of Dose Rate C a r d s 

Nximber of Dose Rate C a r d s in f i r s t group with ION = 1ST - 0 

Number of Dose Rate C a r d s up to and including the one with 

M R E P > 1 

E i the r a blank or the word PLOT 

The word P L O T 

+ sign (in subrout ine SCAN) 

This p roduc t 

N o r m a l i z a t i o n factor 

Rate of fo rma t ion ( rad ia t ion- induced and t h e r m a l ) 

Rate cons tant 

T i m e , in m i n u t e s , used for one run 

Rate of spontaneous ( t he rma l ) fo rmat ion 

Headings for p r in ted r e s u l t s 

Same 

Slope of s t r a igh t line connect ing s u c c e s s i v e points of Cj(t) 
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TABLE II (Contd.) 

FORTRAN 
Notation 

SPSK 

SUMl 

SUMO 

TEST 

T 

TIME 

TLEFT 

TLIM 

TMT 

TNT2 

TOTAL 

TT 

XMAX 

XMIN 

ZEIT 

Notation 
in Text.* 

if Different Explanation 

Name of species to be skipped 
Sum of the concentrations of a group of species processed by sub­
routine STEADY, Option 2, after an iteration step 
Initial value of the same sum 

Test values in the subroutines IONIC and STEADY 

End of (model-) time interval specified on Dose Rate Card 

Model time 
Real time left for the ASP job, in units of 0.01 sec (This is an 
ANL-AMD library function.) 

Time limit for one run, in the same units 

T(MT): model time at end of run 

Model time up to which calculation is repeated 

Total amount of the ith acid (or base) in dissociation equations 

Model times at which concentrations are printed out 

Same as CCMAX, renumbered 

Same as CCMIN, renumbered 

Real time encountered at periodic time checks, in units of 0.01 sec 

4.3 Source-deck Listing 

The complete FORTRAN IV source deck of program WR20 and its 
subroutines (except TLEFT) is listed below: 

C PROSRAM WR20 FOR REACTION K INETICS. VERSION OF 3 - 1 2 - 7 0 . 
C FOR IBM-360 /75 SYSTEM. K. SCHMIDT. 

REAL'S C.PRODlOCDT.SLOPE.KOMENT.COMENT 
REAL*8 AC•AAC.A.AN.AAN.SPSK.AE.AMI 4 . 5 I 

1 + 1 . 5 0 0 0 0 0 0 0 0 0 . + 1 . 9 1 5 6 4 6 6 6 6 7 . • 2 . 2 9 1 5 6 
2 -0.5000000000.-1.3333333333.-2.4 5833 
3 +0.0000000000.+0.4165665666.+1.54166 
4 -0.0000000000.-0.0000000000.-0.3 7500 
5 +0.0000000000.+0.0000000000.+0.00000 
REAL'S BLANK/' '/.SB/'MOLES/L ' / 
1 SF/'ABSC'/.SG/'DT'/.SH/' MHO/CM'/.SI 
INTEGER CHARGE.P.BL/' '/.PL/'PLOT'/ 
REAL»4 MINUS/'-'/ 
COMMON/BLOCK1/AC(30).C(30I.CHARSE(28) . 
C0MM0N/BLOCK2/AE(3.21l.EQ(21).EQ2(211. 
COMMON/BLOCK3/AI51.5).ISK1I50I 
C0MM0N/BL0CK4/TIME.TTI500I.CC(30.500) . 
1 EXT(2e).LT.DTP.NCl.NC2.NC3 
COMMON/BLOCK5/RFI27).RK(51).Ml(50) .M2 I 
1 KOEFF(27.50 I.JSKI 30 I,JSKl (30 I .ISK(5 
DIMENSION PR0D(50).DR(51). 0(281. S(28 
1 B(51.5).DCDT(30.20).I ST(51).NRS(5 .5 
2 .AAC(6).XMAX(6).XMIN(6).AN(30) .AAN( 
3 CSK(2.51).KOMENT(7).COMENT(90).I UN( 
PRINT 999 

1 READ(5.200.END=500,ERR»600INORUN.LIMT. 
8 BEGIN=-TLEFT(0.) 
* IF(LIMT.LE.0)LIMT»2 

.EQ.EQ2 
/ 
66657.+2.5402777778. 
33333,-3.8527777778. 
56555.+3.5333333333. 
00000.-1.769444444 4. 
00000.+0.3486111111/ 
.SE/'CONDC'/. 
/' /CM'/.SJ/' SEC'/ 

NC.NR.IFAIL.IWARN 
LEQ(4.211.NEQ 

CONDI.DT.ABSI.EQCO(28)» 

50).KOEFL(27.50)• 
0) 
). CI(30) . T(51). 
1).CCMAX(301.CCMIN(30).CP 
6).SPSK(2.51). 
511 .ION(51).KSK(50).ISK2( 

IPUNCH.KOMENT.MORE 

WR20 
WR20 
WR20 
MR20 
WR20 
WR20 
MR20 
WR20 
WR20 
WR20 
MR20 
WR20 
WR2 0 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 

(6)MR20 
WR20 

50)WR20 
WR20 
WR20 
WR20 
WR20 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
15 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 
27 
28 
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TLIM»LIMT»6000-500 
2 P«BL 

IF(IPUNCM.GT.O)P-PL 
PRINT 300.NORUN.KOMENT.NORUN.P 
IF(MORE)3.3.1003 

1003 JEND"MORE»10 
READ(5.211)(COMENT(J).J-l.JEND) 
PRINT 211,(COMENT(J).J.l.JEND) 

3 PRINT 317,LIMT 
C READ. COUNT AND PRINT CHEMICAL REACTIONS 

DO 5 1 - 1 , 5 1 
R E A D ( 5 . 2 0 1 ) ( A ( I , K ) . K < 1 , 3 ) , ( B ( I , K I , A ( I , K ) , K > 4 , 5 ) , R K ( I ) 
I F d . E O . D P R I N T 308 
IF ( R K ( I ) ) 5 , 6 , 5 

5 PRINT 3 0 1 , ( A ( I , K ) . K > 1 , 3 ) , ( B ( I , K ) . A ( I , K ) , K = 4 . 5 ) . I , R K ( I ) 
6 NR-I -1 

C READ. COUNT AND PRINT SPECIES ETC. 
PRINT 302 
DO 10 J«1.28 
READ(5.203)AC(J).CHARGE(J).6(J).S(J).CI(J),EQCO(J I.EXT(J) 
IF(CHARGE(J).EQ.0)CALL SCAN(CHARGE(J).AC{J)) 

9 IF (AC(J)-BLANK) 10.11.10 
10 PRINT 303.J,AC(J).CHARGE(J).G(Jl,S(J).CI(J)»EQCO(J),EXT( J) 
11 NC-J-1 

C DEFINE SOME VALUES 
NCl-NC+1 
NC2-NC+2 
NC3-NC+3 
DO 12 J-NC1.30 

12 CI(J>«0. 
C COMPUTE AND PRINT INITIAL CONDUCTIVITY AND OPTICAL DENSITY 
C AND CHECK BALANCE OF CHARGE 

CONDI'O. 
ABSI*0. 
CHGSUM»0. 
ABSCHG'O. 
DO 100 M"1,NC 
C0N0I"C0NDI+CI(M)«EOCO(MI»ABS(FLOAT(CHARGE!M)))•0.001 
CHGSUM"CHGSUM+CI(M)»FL0AT(CHARGE(M)) 
ABSCHG-ABSCHG+CI(M)»ABS(FLOAT(CHARGE(M))1 

100 ABSI-ABSI+CI(M)»EXT(M) 
PRINT 400,CONDI,NORUN,ABSI 
IF(ABSCHG.EQ.0.)GO TO 13 
IF(ABS(CHGSUM)/ABSCHG.GT.0.0005)PRINT 401,CHGSUM 

C READ, COUNT AND PRINT DOSE RATE VALUES 
13 PRINT 304 

MAXIEO-0 
NREP-0 
NTl-1 
NT2-1 
DO 15 K-1,51 
READ(S,20S)T(K) ,OR!K) .SPSKd.K) ,SPSK!2,K) ,CSK(1,K) ,CSK(2,K) 
1 ,(NRS(M,K),M»1,5),IST(K),ION(K),IUN(K),MREP 
IF(T(K))14,19,14 

14 MAXlEQ-MAXO(MAXIEQ,1ST(K),ION(K)) 
IF(MAXIEO.EO.O)NT1'=K 
NREP-MAXO(MREP,NREP,1) 
IF(NREP.LE.1)NT2-K+1 

15 PRINT 305,K,T(K) ,DR(K) ,SPSKd.K) ,SPSK(2,K),CSK(1,K) ,CSK(2,K) 
1 .(NRSIM.K),M-1,5).IST(K)»ION(K),IUN(K),MREP 

19 NT-K-1 
IFCNREP.LE.DGO TO 21 
PRINT 318.T(NT2).NREP 
TNT2-T(NT2) 

C READ OR DEFINE, AND PRINT, SOME PARAMETERS FOR COMPUTATION 
21 READ(5,205)ACCFAC,DTPMIN.DTMIN.DTMAX 

IF (ACCFAC«LE.0..AND.MAXIEO.EQ.0)ACCFAC-0.1 

MR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
MR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
MR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
MR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 
WR20 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
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47 
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58 
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51 
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55 
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68 
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70 
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75 
77 
78 
79 
80 
81 
82 
83 
84 
85 
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89 
90 
91 
92 
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95 



IF (ACCFAC.LE.O..AND.MAXIEQ.NE.OIACCFACO.05 
MT-(NREP-1)«NT2+NT 

IF;NREP:<1T.I.AND.NT2.EQ.NT)TMT.FLOAT.NREP.-T(NT) 

{^'(g;^:;i;::t?:°;i?"FroA";:Jo^-Sn'.?TPMU- TMT /FLOAT, 5OO-MT. 

F I 0 T M I N . L E . 0 . ) D T M I N - T ( N T 1 ) / 5 0 0 0 0 . 

I F ( D T M A X . E Q . O . A N D . M A X I E O . E Q . O O T M A X - T M T / 

IF( D T M A X . E Q . O . A N D . M A X I E Q . N E . O O T M A X - T M T / 

PRINT 305.ACCFAC.DTPMIN.DTMIN.DTMAX 
READ AND PRINT EQUATIONS FOR IONIC EQUILIBRIUM 

2000. 
5000, 

READ 
IFAIL-0 
CALL EQUILl 
IFdFAIL.NE.OlGO TO 535 

T,\TIUIE. CALCULATE COEFFICIENTS OF DIFFERENTIAL EQUATIONS 

DO 31 1=1.NR 
ISKd )-0 
ISK2(I)-0 
M i d )-0 
M2(I)-0 
DO 30 J-l.NC 
KOEFF(J.I)-0 
KOEFL(J.I)=0 
IF (AC(JI-Ad.l)) 23.22.23 

22 KOEFF(J.I)-KOEFF(J.I)-l 
M i d )-J 

23 IF (AC(JI-Ad.2) ) 25.24.25 
24 KOEFF(J.I)-KOEFF(J.I)-l 

M 2 d )-J 
25 K0EFL(J,I)-K0EFF1J.I) 

DO 30 K»3,6 
IF (AC(J)-A(I,Kl) 30,25,30 

25 K0EFF(J.I)-K0EFF(J.I)+1 
IF (B(I.K)-MINUS) 30,27,30 

27 KOEFF(J,I)-K0EFF(J>I)-2 
30 CONTINUE 

IF(M1(Il«EQ.0.OR.M2(I).EQ.O)GO TO 592 
31 CONTINUE 

INITIALIZE 
DO 50 J-1,30 
C(J)-DBLE(CI(J)I 
JSK(J)-0 
JSKl(J)-0 

50 CC(J,1)-CI(J) 
TIME-0, 
DT-DTMIN 
LT-0 
IWARN-0 
CALL STORE 
DO 120 IREP-l.NREP 
NEND-NT 
IFdREP.LT,NREP)NEND-NT2 
START SOLVING DIFFERENTIAL EQUATIONS 
DO 120 IT-1,NEND 
IF( I U N d T ) . N E . O I D T = DTMIN 
I F ( I R E P . G E . 2 . A N D . I T . L E . N T 2 ) T ( I T ) = T ( I T ) + T N T 2 
SKIPPING AND LABELING OF SPECIES 
DO 450 M-1 .2 
IF (SPSK(M,IT)-BLANK) 4 3 1 . 4 5 0 , 4 3 1 

431 00 435 J«1,NC 
IF (SPSK(M.IT)-AC(J)) 435,432,435 

432 JSK(J)-1 
IFdUN(IT).LT.0.OR.ISTdT).GE.2)JSK( J>>0 
JSK1(J)»IST(IT) 
IF (ISTdT).EQ.O.AND.IUN(IT),GE.O)C( J)-CSK(M.IT) 
GO TO 450 

WR20 
WR20 
WR20 
WR20 
WR20 
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435 CONTINUE WR20 153 
450 CONTINUE WR20 164 

SKIPPING AND UNSKIPPING OF REACTIONS WR20 165 
00 470 M-1.5 WR20 166 
IF (NRS(M,IT)) 470,470,455 WR20 167 

•5S I«NRS(M,IT) KR20 168 
IF(IST(IT).LE.l)ISKd)-l WR20 169 
IF(IST(IT).GE.2)ISK2(I)-1 WR20 170 
IFdUNdT).LT.O) ISK( I )=0 WR20 171 

470 CONTINUE WR20 172 
00 450 I-1»NR WR20 173 
KSK(I)-0 WR20 174 
IF(ISTdT).EQ.O) ISK2(I )-0 WR20 175 
IFdSKd ).EQ.1.0R.ISKl(I)»I0N(IT).GE.1.0R.ISK2(n.EQ.l)KSKd)-l WR20 176 

460 CONTINUE WR20 177 
AUTOMATIC UNSKIPPING OR UNLABELING WR20 178 
DO 475 J=1,NC WR20 179 
IFdST(IT).EQ.0,AN0.JSKl(J).GT.0)JSK(J)-0 WR20 180 
IF( IUNdT).LE,-2)JSK( J).0 WR20 181 
IF(IST(IT).EQ.0)JSK1(J)-0 WR20 182 

475 CONTINUE WR20 183 
DO 485 I-1,NR WR20 184 
IF(IUNdT).LE,-2) ISKd )-0 WR20 185 

485 CONTINUE WR20 186 
END OF SKIPPING ROUTINE WR20 187 

490 IF (TIME-TdT)) 34,120,120 WR20 188 
34 00 35 L-l.NC WR20 189 
35 RF(L)-S(L)+(DR(IT)»G(L))/6.0231E+25 WR20 190 

LCYCL-0 WR20 191 
ILINK-0 WR20 192 
IF (DT,GE.(2.'>DTMINI )DT-DT»0.5 WR20 193 

36 DO 65 NCYCL-1.20 WR20 194 
LCYCL-MIN0(LCYCL+1.5) WR20 195 
START CYCLE OF COMPUTATION WR20 196 
TIME-TIME+DT WR20 197 
DO 51 I-l.NR WR20 198 
IF (KSK(I)) 52.52,51 WR20 199 

52 Nl-Mld ) WR20 200 
N2"M2(I) WR20 201 
PR0D( I )-C(Nl)»C(N2)'fDBLE(RKd ) ) . WR20 202 

51 CONTINUE WR20 203 
DO 60 L-l.NC WR20 204 
IF (JSK(L)) 43,43.60 WR20 205 

43 OCDT(L,NCYCL)-DBLE(RF(Ll) WR20 206 
ao 42 I-l.NR *'R20 207 
IF (KSK(I)) 44,44.42 WR20 208 

•4 IF(K0EFF(L,I))41,42,41 WR20 209 
41 DCDT(L,NCYCL)>DCDT(L,NCYCL)+PRODd)»DFLOAT(KOEFF(L,I)) WR20 210 
42 CONTINUE WR20 211 

SLOPE-0. WR20 212 
IF (ILINK) 54,54,58 WR20 213 
STANDARD ROUTINE FOR COMPUTING SLOPE WR20 214 

54 IF (LCYCL-1) 55,55,56 Wf^O 215 
55 SLOPE-DCDT(L,NCYCL) ""ZO 216 

GO TO 59 WR20 217 
56 00 57 K-1,LCYCL WZO 218 

INDK-NCYCL+21-K-20»((NCYCL+20-K)/20) WR20 219 
57 SL0PE-SL0PE+AM!LCYCL-1,K)»DCDT(L.INDK) WR20 220 

GO TO 59 WR20 221 
•LINK' ROUTINE FOR COMPUTING SLOPE *<R20 222 

58 IDIF — 1 WR20 223 
DO 158 K-1,5 WR20 224 
ISTEP-l WR20 225 
IF ((K+ILINK).GT.6)ISTEP-2 WR20 226 
IDIF-IDIF+ISTEP WR20 227 
IN0K-NCYCL+20-IDIF-20»((NCYCL+19-IDIF)/20) WR20 228 
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IF ( CCIM.LD.LT.CCMIN (M) ) CCMIN ( M ) =CC ( M,LL ) 

WR20 235 
WR20 236 
WR20 237 
MR20 238 
MR20 239 
WR20 240 
MR20 241 

WR20 229 
158 SL0PE-SL0PE+AM(4.K)»DCDT(L.INDK1 ^^20 230 

C CALCULATE AND STORE NEW CONCENTRATIONS ^̂ ,20 231 
59 IF (TIME.LT.TdT) ) GO TO 159 l̂ ojo 232 

C(L)-C(L)+SLOPE«0BLE(DT+TdT)-TIME) 1̂ 1,20 233 
GO TO 50 WR20 234 

159 C(L)-C(L)+SLOPE»DSLE(DT) 
60 CONTINUE 

IF(TIME.LT.T(IT))G0 TO 160 
TIME-TdT) 
LCYCL-O 
60 TO 73 

160 ILINK»MAX0(0.ILINK-1) 
DTP-DTP+DT 
IFIDTP.LT.DTPMIN.OR.IST(IT).GT.O.OR.ION(IT).6T.0)GO TO 65 WR20 242 
CALL STORE «''20 243 

45 CONTINUE WR20 244 
C CHECK TIME LIMIT *"'20 245 

ZEIT—TLEFT(0.) ""20 246 
IF(ZEIT-BEGIN.GT.TLIM.OR.2EIT+3000..GT.0.)GO TO 130 WR20 247 

C BRANCH TO EQUILIBRIUM ROUTINES "̂'iO 248 
73 IFdST(IT).EQ.0.AND.ION(IT).EQ.0)GO TO 273 WR20 249 

IFAIL-O WR20 250 
IF(I0N(IT).GE.1)CALL EQUIL2 WR20 251 
IF (IST(IT),GE.1)CALL STEADY WR20 252 
IF (IFAIL) 174,174.575 WR20 253 

575 PRINT 644 WR20 254 
GO TO 130 WR20 255 

174 LCYCL-0 WR20 256 
273 IFIDTP.GE.DTPMIN.OR.TIME.EQ.T( IT))CALL STORE WR20 257 

IF (TIME.EO.TdT) ) GO TO 120 WR20 258 
C REDETERMINE TIME INCREMENTS WR20 259 

175 DFOCMA-0. WR20 260 
DO 360 L-l.NC WR20 261 
IF (JSK(L).GE.1)G0 TO 350 WR20 262 
DFDC-0. WR20 253 
DO 350 I-l.NR WR20 254 
IF (KSKdJ.GE.l) GO TO 350 WR20 255 
MII-MKI) ĵ R20 266 
M2I-M2(I) JJR20 267 
IF (M1I,E0.L)DFDC-DFDC+FL0AT ( KOEFF ( L , I ) ) »RK d ) »SNGL ( C (M2I ) ) WR20 258 
IF (M2I.EQ.L)DFDC-DFDC+FL0AT ( KOEFF ( L , I ) ) »RK(I ) "SNGL (C (Ml I ) ) WR20 269 

350 CONTINUE ^^^0 270 
DFDCAB-ABS (DFDC) li,l,2o 271 
IF (DFDCAB.CT.DFOCMAjDFOCMA-DFDCAB WHJO 573 

350 CONTINUE *^|" t^l 
DTREO-ACCFAC/DFOCMA J;R20 274 
IF (DT.LE.d.4'.DTRE0).0R. DT.LT . ( 2 .'DTMIN ) )G0 TO 370 WR20 275 
0T=DT»0.5 
LCYCL-0 
GO TO 36 

370 IF (DT.GE.(0.7»DTREQ).OR. DT .GT . ( 0. 5»DTMAX ) ) GO TO 36 IRH III 
ILINK-4 "«20 280 
GO TO 35 ""20 281 

120 CONTINUE *"'̂ ° ̂ '2 
C DIFFERENTIAL EQUATIONS SOLVED yR3° lH 
130 DO 12I'M-U3S'"* *'° "''"'* °' FUNCTIONS (FOR PLOTTING) WR20 285 

CCMAX(M)-o! ""20 285 
121 CCMIN(M)-0. '̂ ''20 287 

DO 125 M-1.NC3 '̂ ''2° 288 
DO 125 LL=1.LT '̂ ''20 289 

IF ICC(M.LL>.GT.CCMAX(M))CCMAX(M)=CC(M.LL) UR2S pl? 

WR20 275 
WR20 277 

125 C O N T I N U E ' " " ^ " " ' " " " " " ^ ^ " " ' " " ^ " ' ' ' " - ' - ' WR20 292 
C DEFINE COLUMN HEADINGS !!S" ^'^ 

00 220 J-l.NC '̂ "20 294 
WR20 295 
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220 AN(J)=S8 ĵ „2Q 29A 
00 225 J-NC3,30 2 ^ " " * 
AC(J)-BLANK *\^i° til 

Jc NC2 :|F ^"^ 300 
AC!NC3!-^G -jO 301 

AN(NC11.SH Ĵ ĵO I I I 
''^'^""^l WR20 304 

AN(NC3)-SJ J^?0 30* 
ARRANGE RESULTS FOR OUTPUT. yB,n ,"' 
IGROUP.(NC3 + 5)/5 Ĵ ^̂ O 305 

DO 150 IG-1,IGR0UP 2̂ °̂ 1°] 
IF (IPUNCH.GT.0)WRITE(7,315)NORUN,IG,LT,T(NT),KOMENT,MORE WR20 309 
IF(I PUNCH.GT.0.AND.MORE.GT.0)WRITE(7.4111!COMENT(J),J-1,JEND) WR20 310 
WRITE(7,411)BLANK yB,n ,,, 

?GLi:?G-i};LL ^^" 31" 
AAC(L)=AC(IGL) yo20 ^14 
AAN(L)-ANdGL) uojn Vil 
XMAX(L)-CCMAX(IGL) UR20 31& 

140 XMIN(L)=CCMIN(IGL) WR20 317 
PRINT 316,(AAC(L),L-1.5),NORUN.(AAN(L) ,L-1,6) yR20 318 
IF (IPUNCH) 142.142,141 Wl,20 319 

141 WRITE(7,310)(AAC(L),L-1.5),(AAN(L),L-1,6) WR20 320 
WRITE(7.311) (XMAX(L) .L-1.6) WR20 321 
WRITE!7,312)(XMIN(L).L-1.5) WR20 322 

142 DO 144 LL=1,LT 
DO 145 L=l,6 

WR20 323 
WR20 324 

IGL=( IG-1)«6+L ,̂H20 325 
145 CP(L)«CC( IGL.LL) Wf(20 326 

PUNCH AND/OR PRINT RESULTS WR20 327 
IF (IPUNCH.GT.0)WRITE(7,313)TT(LL),(CP(L), L»l,6) WR20 328 
IF(M0D1LL,59).E0.56.AND.LT.GT.57)PRINT 999 WR20 329 

144 PRINT 313,TT(LL).(CP(L),L-1.5) WR20 330 
IF(IG.NE.I3R0UP1PRINT 999 WR20 331 
IF (IPUNCH.GT.0)WRITE(7.9981 WR20 332 

150 CONTINUE WR20 333 
IF (ZEIT-BEGIN.GT.TLIM)GO TO 595 WR20 334 
IF(ZEIT+3000..GT.O.IGO TO 599 WR20 335 
RNTM-(-TLEFT(0.)-BEGIN)/6000. WR20 336 
PRINT 700.RNTM WR20 337 
PRINT 999 WR20 338 
GO TO 1 WR20 339 

592 PRINT 319.Ad,l ) ,A( 1.2) WR20 340 
535 PRINT 665 WR20 341 

PRINT 999 WR20 342 
GO TO 1 WR20 343 

595 PRINT 667.NORUN WR20 344 
GO TO 535 WR20 345 

599 PRINT 669 WR20 346 
600 STOP WR20 347 
200 F0RMAT(1X,I4,I3,I2.6A8.A7,I1) WR20 348 
201 F0RMAT(2(A5,1X),A5.3(A1,A5) .E10.3) WR20 349 
203 F0RMAT(A5.I5.5E10.3) WR20 350 
205 FORMAT(2E10.3.2A5.2E10.3.5I3,I2.I1,I2,I5) WR20 351 
205 FORMAT(4E10.3) WR20 352 
211 F0RMAT(1X,A7,9A8) WR20 353 
300 FORMAT (1X,10HRUN NUMBER,I 5,4X,5A8.A7•45X.15,2X.A4) WR20 354 
301 FORMAT(5X.A5.5H + ,A5.5H- .A5.3(IX,A4,A5),2X,2HK(, WR20 355 

1 12.3H) -.1PE10.3) WR20 356 
302 F0RMAT(//5X.'NO'.3X.'NAME'.3X.'CHARGE'»4X.'G',9X,'S',11X,'CI'» WR20 357 

1 lOX.'EGCO',7X.'EXT'/) WR20 358 
303 FORMATd8.3X.A5.I6.F9.3,lP2(2X,E10.3,lX) ,0PF10.3,2X,1PE10,3) WR20 359 
30* F0RMAT(6X,2HN0,4X,4HTIME.4X.9HD0SE RATE,3X,7HSPECIES,5X,4HCSK1,7X.WR20 360 

1 4HCSK2.7X.9HREACTIONS.5X,'I I I R•/32X,'SKIPPEO',30X,'(UN-)', WR20 361 
2 7X.'S 0 U E'/12X,3HSEC,5X,8HEV/L-SEC.2X.10HOR LABELED,4X, WR20 362 
3 7HM0LES/L,4X,7HM0LES/L.SX,7HSKIPPED.6X,'T N N P'/) WR20 353 
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305 FORMAT(I8,1P2IE10.3.1X), A5. IX.A5.2(IX.ElO.3).3P5I 3.14.212,I 5 ) WR20 364 

305 F0RMAT(////5X.15HACCURACY FACTOR.8X.IPEIO.3/ ^^20 366 
2 5X,23HMINIMUM PRINT INTERVAL ,1PEIO.3.4H StC/ ^^^^ ^^^ 
3 5X.23HMINIMUM TIME INCREMENT .E10.3.4H SEC/ ^^^^ j^g 

4 5X.23HMAXIMUK TIME INCREMENT ,E10.3.4H SEC//) ^^^^ ^^^ 
308 F0RMAT(//1 WR20 370 
310 FORMAT (5X.4HTIME.3X.5(5X.A5.1X)// WR20 371 

15X.7HSEC0NDS.5!4X,A7)/) ,̂ P20 372 
311 FORMATI5X.5H»MAX».2X.lP6dX.E10.3) ) „2o ,7 , 
312 F0RMAT(5X.5H»MIN».2X,1P6(1X.E10.3)/) 
313 F0RMAT(2X,1P7(1X.E10.31) .^, „„,„ ,,^ 
315 F0RMAT(I4.1H».I1.1H».I3.1PE10.3.1X.5A8.A7.I3) ««^" ^'5 
316 F0RMAT(5X.'TIME'.3X.6(5X.A5.1X),45X,I5// ^eta i l l 

1 5X.'SECONDS'.5(4X.A7)/) "^;" ^'' 
317 FORMATdX.'TIME LIMIT'.13.' MIN') "«,„ t-,7i 
318 F0RMAT(/5X.'IRRADIATION PATTERN OF THE FIRST',1PE10.3 . ' SEC ', WR20 379 

1 'REPEATED'.15.' TIMES') ""t" 380 
319 F0RMAT(/1X,'SPECIES '.AS,'AND/OR '.A6,' NOT LISTED') WR20 381 
400 F0RMAT(1H1/5X.'INITIAL CONDUCTIVITY - ' ,1X . IPElO .3 , IX , ' MHO/CM ' ,78X .WR20 382 

1 I5/6X,'INITIAL ABSORBANCE -'.IX,1PE10.3.IX,'MHO/CM'/) WR20 383 
401 F0RMAT(6X.'WARNING. NO BALANCE OF CHARGE. NET CHARGE »',1PE10.3. WR20 384 

1 ' EQUIVALENTS'/6X.'SUBROUTINE IONIC WILL NOT WORK PROPERLY'/) WR20 385 
411 F0RMAT(A7.9A8.1X) '<R20 386 
666 FORMAT (IX.'RUN ABANDONED') WR20 387 
667 FORMATdX.'TIME LIMT FOR RUN '.15,' REACHED •) WR20 388 
669 FORMATdX.'TIME FOR JOB IS RUNNING OUT, JOB TERMINATED') WR20 389 
700 F0RMAT(4X.'TIME NEEDED FOR THIS RUN ',F6.2,' MIN') WR20 390 
998 FORMAT (79X.1H-) WR20 391 
999 FORMAT (IHl) WR20 392 

END WR20 393 
SUBROUTINE STORE WR20 394 
CALCULATE CONDUCTIVITY AND ABSORBANCE. STORE SET OF OUTPUT VALUES WR20 395 
REAL»8 C.AC WR20 396 
INTEGER CHARGE WR20 397 
C0MM0N/BL0CK1/AC(30) .C(30) .CHARGE (28) ,NC .NR, IFA I L , I WARN WR20 398 
COMMON/BLOCK4/TIME.TT(500) .CC(30,500) ,C0N0I ,DT , ABSI ,EQC0(28I > WR20 399 
1 EXT(28).LT.DTP.NC1.NC2.NC3 WR20 400 
C0NDC=-C0NDI WR20 401 
ABSC—ABSI WR20 402 
LT-LT+1 mR20 403 
DO 20 L=1.NC WR20 404 
IF(C(L).GT.1.D25)C(L)»1,D25 WR20 405 
IF(C(L).LT.1.D-50)C(L)=0.00 yR20 406 
CC(L.LT)-SNGL(C(L)) W R 2 0 407 
TT(LT1-TIME ^,R20 408 
CON0C=CONDC+SNGL(C(L)) •EQCO(L)»ABS(FLOAT(CHARGE(L)))»0.001 WR20 409 

20 ABSC-ABSC+SNGL(C(L))»EXT(L) WR20 4ln 
CC(NC1.LT)-C0NDC WRJO aJV 
CC(NC2.LT)-ABSC *^^ 
CC(NC3.LT)-DT 
IF (NC3-30) 25.40.40 

25 NC4-NC3+1 
DO 30 L-NC4.30 

30 CC(L.LT)=0. 
40 DTP-O, 

RETURN 
END 
SUBROUTINE SCAN(CHARGE,NAME) UBjn 451 
REAL»8 NAME „," , 
REAL»4 PLUS/'+'/,MINUS/'-'/,LETTER(8) WR20 423 
INTEGER CHARGE ^2%° * " 
WRITE(e,101INAME "0,0 *24 

101 FORMAT(Ae) . •"'20 425 
REWIND 8 **"" "25 

READ(S.102)LETTER I J ^ " '^IJ 
102 F0RMAT(8A1) ""20 428 

REWIND 8 ""20 429 
WR20 430 

WR20 412 
WR20 413 
WR20 414 
WR20 415 
WR20 416 
WR20 417 
WR20 418 
WR20 419 
WR20 420 
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CHARGE-0 WR20 431 
DO 50 1-1,5 WR20 432 
IFCLETTERd ).EQ.PLUS)CHARGE«CHARGE + 1 WR20 433 
IF(LETTER(I).EQ.MINUS)CHARGE»CHARGE-1 WR20 434 

50 CONTINUE WR20 435 
RETURN WR20 436 
END WR20 437 
SUBROUTINE IONIC WR20 438 
READ AND PRINT EQUILIBRIUM EQUATIONS WR20 439 
REAL»8 AC,AE,BLANK/' '/,C,HPLUS,TOTAL.KI,K2,H,DEN,A1,A2, WR20 440 
1 DA12.T.CC.F.FP.CH.DCM,A,EQ,EQ2 WR20 441 
INTEGER CHARGE WR20 442 
C0MM0N/BL0CK1/AC(30),C(30),CHARGE(28),NC.NR,IFAIL.I WARN WR20 443 
C0MMON/SL0CK2/AE(3.21),EQ(21),EQ2(21),LEQ(4,21),NEQ WR20 444 
C0MM0N/BL0CK3/A(51.5) ,ISK1(50) WR20 445 
DIMENSION ISHIFT(201,ISKIP(20),TOTAL(20) WR20 445 
DEFINE SOME FUNCTIONS WR20 447 
DEN(H,K1,K2)»H*»2+K1»H+K1»K2 WR20 448 
A1(H.K1.K2.T)=K1»T»H/DEN(H.K1.K2) WR20 449 
A2(H.K1,K2.T)=K1»K2»T/DEN(H.K1,K2) WR20 450 
DA1(H,K1,K2,T)-K1»T»(K1#K2-H»»2)/DEN(H.K1.K2)»»2 WR20 451 
DA2(H,K1,K2.T)=-K1»K2»T»(2.D0*H+K1)/0EN(H,K1.K2)'»*2 WR20 452 
LE0Q(I.K)-LEQ(I.K) WR20 453 
DCH(J)=0BLE(FLOAT(CHARGE(J))) WR20 454 
CC(I,K)=C(LEQQ(I,K)) WR20 455 
ENTRY EQUILl ''R20 456 
00 510 K=l,21 ""20 457 
READ(5,211)(AE(M,K),M-1,3),EQ(K) WR20 458 
IF (AE(l.K)-BLANK) 510.511,510 WR20 459 

510 PRINT 311.(AE(M.K).M-1.3),EQ(K) WR20 460 
511 NEQ-K-1 ""20 461 

IF(NEO.LE.O)RETURN WR20 462 
IDENTIFY SPECIES INVOLVED IN IONIC EQUILIBRIUM WR20 463 
DO 520 K-1.NEQ " " 2 0 '*<>'* 
DO 520 M-1,3 ""20 465 
DO 515 L-1,NC ""20 '•65 
IF (AC(L)-AE(M,K)) 515,512.515 WR20 457 

512 LEQ(M.K)-L ""20 '.68 
GO TO 520 ""20 "69 

515 CONTINUE , "«20 470 
IF (L-NC) 520.520,524 "?20 471 

520 CONTINUE WR20 472 
ERROR CHECK ""20 ^ P 
DO 525 K-l.NEQ ""20 474 
IF (AEd.K)-AE(l.l)) 525.525.526 l!l??nt7l 

525 CONTINUE •',2° ,1% 
LABEL REACTIONS INVOLVED IN IONIC EQUILIBRIUM WR20 477 

WR20 479 
WR20 480 

DO 450 I-1,NR ""?? *I? 
ISKK I )=0 
DO 450 N-l.NEQ ,,„,. , ., 
IF((AE(2,N).EQ.A(I,2).AND.AE(3,N).EQ.A(I,3)).OR. WR20 481 

1 (AE(2,N).EQ.A(I,3).AND.AE(3,N).EQ.A(I,2)))ISK1(I)-1 WR20 483 

CHECK FOR 2N0 DISSOCIATION STAGE, RENUMBER ""20 484 
WR 2 0 HO? 
WR20 486 
WR20 487 
WR20 488 
WR20 489 
WR20 490 
WR20 491 

ISKIPd )-0 
ISHIFTd )-0 
DO 630 K-1,NEQ 
ISKIP(K+l)-0 
ISHIFT(K+1)-ISHIFT(K) 
LE0(4,K)=NC+1 

IF dSKIP(K)) 630,605.530 "^^0 * " 
405 IF (LEO(3.K)-LEQ(2.K+l)) 510.526,510 ""20 *93 
410 IF (LEQ(2,K)-LEQ(3.K+1)) 530,415,630 oon oe 
615 E02(K)-EQ(K+1) ""20 * « 

LE0(4,K).LEQ(2,K+1) ""20 496 
ISHIFT(K+1)«ISHIFT(K)+1 ""20 497 



WR20 498 
ISKIP(K+1)-1 ""20 499 

630 CONTINUE ""20 500 
00 650 K-1,NEQ W"20 501 
IF (ISKIP(K)) 650.535.550 WR20 502 

635 EQ!K-ISHIFT(K))-EQ(K) WR20 503 
EQ2(K-ISHIFT(K))-EQ2(K) WR20 504 
DO 640 M-1.4 WR20 505 

640 LEQ(M.K-ISHIFT(K))-LEO(M.K) WR20 506 
650 CONTINUE WR20 507 

NEQ-NEQ-ISHIFT(NEQ) WR20 508 
GO TO 530 WR20 509 

526 PRINT 777 WR20 510 
IFAIL-1 WR20 511 

530 RETURN WR20 512 
211 FORMAT (3(A5,1X).2X,E10.3) .,pr,o.3) WR20 513 
311 FORMAT (5X.A5.5H • .A5,5H - ''•^""i*', WR20 514 
777 FORMAT (IX,'ERROR IN EQUILIBRIUM EQUATIONS ) ^^^^ ^^^ 

ENTRY EQUIL2 V<R20 515 
COMPUTE EQUILIBRIUM OF IONIC SPECIES ^^^^ ^^^ 
CH-DCH(LEQQ(1.11 > t̂ R20 518 
DO 10 K=1.NE0 |.o20 519 

10 T0TAL(K)-CC(2.K)+CC(3.K)+CC(4,K) JĴ ^̂ ^ =^J 
DO 100 NSTEP-1.100 ^̂ 2̂0 521 
Do''20 N=l NEQ ^^^° *^^ 
C(LE0O(2.N))-Al(CCd.l).EQ(N).E02(N).TOTAL(N)) ""20 523 
C(LEQQ(4.N))=A2(CC(1.1).EQ(N).EQ2(N).T0TAL(N)) «R20 524 

20 FP-FP+CH*(DA1(CC(1.1).EQ(NI.EQ2(N).T0TAL(N))'.DCH(LEQQ(2.N)) WR20 525 
1 +DA2(CC(1.1).EQ(N).EQ2(N).T0TAL(N))'>DCH(LEQQ(4.N))) WR20 526 
DO 30 J-l.NC ""20 528 

30 F-F+C(J)*DCH(J) "R20 529 
HPLUS=CC(1.1)-F/FP "R20 530 
IF(HPLUS.LE.0)HPLUS'=0.200»CC(1.1) "R20 531 
DO 40 N-l.NEQ "R20 532 
C (LEQQ(2.N))=A1(HPLUS.EQ(N).EQ2(N),TOTAL(N) I WR20 533 
C (LEQQ(4,N))=A2(HPLUS,EQ(N),EQ2(N),TOTAL(N) ) WR20 534 

40 C (LEQQ(3,N))=T0TAL!N)-CC(2,N)-CC(4>N) WR20 535 
TEST = SNGL(DABS(HPLUS-CC(1,1))/(HPLUS+CC(l,l) ) ) WR20 536 
C(LE0Q(1.1))-HPLUS WR20 537 
IF(TEST,LT,1.E-6)G0 TO 120 WR20 538 

100 CONTINUE WR20 539 
110 IFAIL-1 WR20 540 

PRINT 888 WR20 541 
120 RETURN WR20 542 
888 FORMATdX.'NO CONVERGENCE IN IONIC , CHECK DATA.') WR20 543 

END WR20 544 
SUBROUTINE STEADY WR20 545 
CALCULATES STEADY STATE CONCENTRATIONS OF FAST REACTING SPECIES WR20 545 
REAL»8 NN.C.A0.Al.A2.CC(27.3).DENOM.C0(271,SUMO(5),SUMl,Q,CP(27) WR20 547 
COMMON/BLOCK1/NN(30).C(301,NNN(28) ,NC.NR.IFAIL.IWARN WR20 548 
C0MMON/BLOCK5/RF(27),RK(51).Ml(50) .M2 ( 50).KOEFL(27,50 ) , WR20 549 
1 KOEFF(27.50),JSK130).JSK1(30).ISK(50) WR20 550 
SABS(AO)=ABS(SNGL(A0)) WR20 551 
DO 2 L-2.5 WR20 552 
SUM0(L)-0,D0 WR20 553 
DO 2 J=1.NC WR20 554 
IF(JSK1(J1.NE,L)G0 TO 2 WR20 555 
CP(J)-C(J) WR20 556 
SUM0(L)-SUM0(L)+C(J) WR20 557 

2 CONTINUE WR20 558 
DO 150 N-1,50 WR20 559 
DO 10 J-1,NC • WR20 560 
1F(JSK1(J),GT.0)CC(J,1)-C(J1 WR20 561 

10 C0(J)-C(J) WR20 562 
TEST-0. y,(R20 563 
DO 100 K-1.2 WR20 554 



00 80 JJ-1,NC WR20 565 
• J ' - l - l WR20 566 
IF(M00(N,2).EQ.1)J-NC+1-JJ WR20 567 
IF (JSKl(JI.EQ.O) GO TO 80 WR20 568 
AO=DBLE(RF(J)) WR20 569 
Al-O.DO l,(R20 570 
A2-0.D0 aR20 571 
DO 50 I-1,NR WR20 572 
IF (ISK( I ).NE.0)GO TO 50 I(R20 573 

7 MlI-Mld) ĵ R20 574 
M2I .M2(I) WR20 575 
IF (KOEFL(J,I).EO.-2)A2-A2+DBLE!RK(I)«FLOAT(KOEFF(J,I))) WR20 576 
IF (KOEFL(J,I).NE.-1) GO TO 30 WR20 577 
IF (MII.NE.J) GO TO 20 WR20 578 
A1-A1+DBLE(RK(I)»FL0AT(K0EFF1J,I)))»C(M2II WR20 579 

20 IF (M2I.NE.J1 GO TO 30 WR20 580 
A1-A1+DBLE(RK!I)»FL0AT(K0EFF(J,I)))»C(M1I) WR20 581 

30 IF (KOEFL(J,I).EQ.0,AND.K0EFF(J,I).NE.O) AO-AO+DBLE(RK(I)• WR20 582 
1 FLOAT(KOEFF(J,I)))»C(M1I)»C(M2I) WR20 583 

50 CONTINUE WR20 584 
IF (A2.EQ.0.D0)C( J)—AO/Al WR20 585 
IF (A2.NE.O.DO) C(J1 - (-A1-DSQRT(A1»A1-4.D0»A0'.A2))/(2.D0«A2) WR20 586 

80 CONTINUE \^RZO 587 
DO 95 L-2.5 WR20 588 
SUMl-O.DO ^R20 589 
DO 85 J=1,NC WR20 590 
IF(JSKl(J).EQ.LISUM1-SUM1+C(J) WR20 591 

85 CONTINUE WR20 592 
IF(SUMl.EQ.0.D0)GO TO 95 WR20 593 
Q=SUM0(L)/SUM1 WR20 594 
00 90 J-1,NC WR20 595 
IF(JSK1(J),EQ.L)C(J)-C(J)«Q WR20 596 

90 CONTINUE WR20 597 
95 CONTINUE WR20 598 

00 100 J-1,NC WR20 599 
IF(JSK1(J).GT.O)CC(J.K+1)-C(J) WR20 400 

100 CONTINUE WR20 401 
DO 120 J-l.NC WR20 402 
IF(JSK1(J) .EQ.OIGO TO 120 WR20 603 
IF! JSKK JI.GT.l )G0 TO 110 . WR20 504 
0ENOM-CClJ,l)-2.D0»CC(J,2)+CC(J,3) WR20 605 
IF(DENOM.EO.O.DO) GO TO 111 WR20 606 

105 C(J)-(CC(J,l)'tCC(J.3)-CC(J.2)«CC( J,2) )/OENOM WR20 607 
C( J)«0.1D0»C0( J)+0.9D0<.C( J) WR20 608 
GO TO 115 WR20 609 

110 C(J)-(CC(J,3)+CP(J))»0.5D0 WR20 610 
CP(J)-CC(J.3) WR20 611 
60 TO 115 WR20 612 

111 C(J)-(CC(J.2)+CC(J.3))»0.5D0 WR20 513 
115 DEN-SABS(CIJ))+SABS(CO!J)) WR20 614 

IF(DEN,GT.O)TEST-TEST+SABS(C(J)-CO(J))/OEN WR20 615 
120 CONTINUE WR20 616 

IF (TEST.LE.2.E-6.AND.N.GT.2)G0 TO 160 WR20 517 
150 CONTINUE WR20 618 

IF (TEST.LE.1.E-4)G0 TO 159 WR20 619 
IFAIL-1 WR20 520 
PRINT 556 WR20 621 
GO TO 160 WR20 622 

159 IFdWARN.EQ.OlPRINT 647 WR20 423 
IWARN-1 WR20 624 

160 RETURN WR20 525 
444 FORMAT (IX, 'INSUFFICIENT CONVERGENCE IN SUBROUTINE STEADY ') WR20 426 
667 FORMATdX, 'WARNING POOR CONVERGENCE IN SUBROUTINE STEADY ') WR20 627 

END WR20 628 



44 

5. PLOTTING PROGRAMS 

Two programs have been written for plotting the resul ts calculated 
by program WR20. To be able to use these programs, one has to store the 
results of WR20 on a temporary storage device, normally a disk. This is 
simply accomplished by punching the digit 1 (IPUNCH) in Col. 10 of the 
Run Number Card (see 3.1.1). The necessary Job Control Language is 
described in Section 5.3. 

5.1 PLOTWR20, a Program for Plotting WR20 Results on a 780 Calcomp 
Plotter 

This program allows one to plot any or all output columns (concen­
trations of species, CONDC or ABSC) of one or several runs of WR20 in 
the same ASP job. Columns printed out on the same page are plotted in 
the same frame. The size of each frame can be chosen individually. All 
scaling operations are performed automatically. 

The column ABSC can also be plotted on an Optical Transmiss ion 
Scale. If this is done, no other columns on the same page can be plotted. 
By appropriately choosing the frame size, one can directly compare 
theoretical plots with the oscilloscope picture of an absorption signal 
produced in a pulse radiolysis or flash photolysis experiment. 

5.1.1 Data Cards 

A«c;r-^ ^"'^ '^^'^ "^'"^ ' " required for each species (including CONDC and/or 
AB5C; of a particular run. It contains the following data: 

NRUN, the Run Number 

Col. 2-5, FORMAT: 15 

SPEC, the Name of the Species 

Col. 6-10, FORMAT: A5 

mum value 10.o':°dSuU l a ^ i ^ S . ^ ^'^ ^''""' ^''^"^ ^^'^ '^ - ^ ^ - - ^ ^ ^ 

Col. 11-15, FORMAT: F5.2 

HGT, the Height of the Frame in inches. Default value 5.0. 
Col. 16-20, FORMAT: F5.2 

Optical Transmission S Z / ^ T f : ^ ' ' ' ' ^ ^ . ^uT ' ^ ^ " ' "'^^^^^ "̂̂  
specified frame height HGT .n .. plot will be scaled so that the 

me height HGT corresponds to I O O / A M P L % t ransmiss ion . 
Col. 21-30, FORMAT: E10.3 
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PTH, the Optical Path Length, in cm, of absorption cell (only 
for t ransmiss ion plot). Default value 1.0. 

Col. 31-40, FORMAT: ElO.3 

Up to 50 such data cards may be stacked. Cards with a run number 
not used in the job are ignored. No blank card is required at the end of 
the plotting data. 

5.1.2 Example of Plot 

Figure 2 shows a plot of the species O2 and HjO^ as calculated in 
run 7199, using the data cards 

b7199O2bbbb5.00 

b7I99H2O2bb5.00 

b indicating a blank space. 

RUN NUMBER 7199 FORMflTION OF H202 IN fiLKflLlNE, H -SfiT. H20 BY 
SUCCESSIVE ELECTRON PULSES FROM fl LINEflR flCCELERRTOR. 

, . • • H202 (2.0 X 10-6/UNIT) 
o o o o 02 (5.0 X lO-VUNIT) 

Q 
D 
t—I 

O D ^ , 

• o o o o o o o * 
gDODDO 

" '^ '^""" 'Fifnnrinnnrinn nnnnnri 
0.00 0.10 0.20 0.30 O.IJO 

TIME (SECONDS) (XIQ-^) 
0.50 

Fig. 2. CALCOMP Plot of [O2] and [H2O2] from Run 7199, 
Created by Program PLOTWR20 



Toge the r with th i s plot , the following p r in tou t a p p e a r s : 

P L O T T I N G INSTRUCTIONS 

7199 H202 5.00 * 5.00 INCHES AMPL.= 0.0 PATH= l.OOE 00 CM 

7199 0 2 5.00 * 5.00 INCHES AMPL.= 0.0 PATH= l.OOE 00 CM 

H202 OF RUN #7199 FOUND ON DISK 

0 2 OF RUN #7199 FOUND ON DISK 

END OF P L O T 

Other p o s s i b l e , s e l f - exp lana to ry m e s s a g e s a r e 

(1) NO DATA CARDS WITH PLOTTING INSTRUCTIONS 

(2) DATA R E F E R R E D TO IN P L O T T I N G INSTRUCTION 

NOT ON DISK 

(3) ERROR IN WR20 OUTPUT 

(4) NO PLOT FROM THIS JOB 

5.1.3 Source Deck of P r o g r a m PLOTWR20 

The source deck of th i s p r o g r a m , t oge the r wi th i t s s u b r o u t i n e s , 

is l i s ted below. The p r o g r a m a lso r e q u i r e s the C a l c o m p 780 P l o t t i n g 

subrout ines PLOTS {PRD24-2, at ANL r e c e n t l y i n c o r p o r a t e d in AMD LIB 

as a l i b r a r y subrout ine) . 

C PLOTWR20. PROGRAM FOR PLOTTING WR20 RESULTS ON 780 CALCOMP PLOTTERPUOT 
C VERSION OF 3-13-70 PLOT 

DIMENSION NRUN(50).HGT(50).AMPL(50) .PTH(50) . PLOT 
1 SPACE ( 5000 1 .CSUP(6) .CINF ( 6) , I I ( 6 ) ,SCF(5) ,CMAX(5) .T ( 502 ) .CM IN ( 6 ) .PLOT 
2 XX(502).C(500.5).V0RD(4) PLOT 
INTEGER PSY(5)/205.Z00.20A.20B.Z04.Z03/ PLOT 
REAL«8 BLANK/' '/.SPEC ( 50)/50»' '/.WORD(6)/6» PLOT 

1 ' '/ PLOT 
REAL*4 C0MENT(14)/14«' '/.KOMENT(180)/ISO*' ' /.CR/Z15151515/PLOT 
l.PSYl (5)/Z05400540.Z00400040. 20A400A40.20B4 00B4 0 .Z04400440 , 
2 Z03400340/.DIV(4)/Z40674071.Z702E6040,Z2F515455.Z49535D15/, 
3 PARL/'('/,SYRUN(3)/'RUN '.'NUMB'.'cR '/,ARRAY1(4) 
4 /' ','ORDI','NATE',' ' /,ARRAY2(4)/' ','TRAN'.'SMI S'. 
5 'SION'/, LGTH(501(LENGTH,VABS(4)/'TIME',' ( S E C , ' O N D S ' , ' ) 
6 /.CMNS(5)/5*0./.CPLU(6)/5»0./.NIHIL/Z40114011/. 
7 FINISH(8)/'END '.'OF P'.'LOT.•.'-K. '.'SCHM' .'IDT.','-Fll ' , 
8 '538.'/ 
L0GICAL«1 YES(5)/6».FALSE./ 
INITIALIZING INSTRUCTIONS 
END FILE 7 
REWIND 7 
NERR-O 
CALL PLOTS(SPACE, 5000) 
CALL PLOT(8.5,0..23) 
CALL SYMBOL(-0.2.0..0.2.FINISH(5).90.. 15) 
READ PLOTTING INSTRUCTIONS FROM CARDS 
DO 20 1-1.50 
READ(5.501.END=21.ERR = 20)NRUN(I).SPEC{I),LGTH(I).HGT(I).AMPL(I), PLOT 
I PTHd) p̂ _Q.̂  

PLOT 
PLOT 
PLOT 
PLOT 
•PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 
27 
28 
29 



501 F O R M A T ( I 5 , A 5 , 2 F 5 . 2 , 3 E 1 0 . 3 ) 
IMAX- I 
I F ( H G T ( I ) . L E . O . ) H G T ( I ) - 5 . 
I F ( L G T H ( I ) . L E . 0 . 1 L G T H ( I ) - 1 0 . 
I F ( P T H d l . L E . O . )PTH( n - 1 , 

20 CONTINUE 
START MAIN CYCLE 

21 IFdMAX.EQ.0)GO TO 801 
PRINT 550 

650 FORMATdHl/lx.'PLOTTING INSTRUCTIONS'/) 
00 10 I-1,1 MAX 

10 PRINT 651,NRUN(I),SPEC(I).LGTH( I),HGT(I),AMPL(I),PTHd) 
651 FORMATd 8 .3X .A5 .F08 .2 .' •'.F5.2.' INCHES ' .3X, ' AMPL.-' ,F7.2 ,2X , 

1 'PATH-',1PE10.3.' CM') 
25 DO 200 KDUMMY-1.50 

READ(7,702.END=800.ERR=802)N0RUN,LT.TMAX,COMENT.MORE 
702 FORMAT(I4.3X.I3.E10.3,1X,14A4,I2,1X) 

JEND-20'.MORE 
IF( JEND.GT.OREAD (7.703 )(K0MENT( J) .J-l.JEND) 

703 FORMAT(20A4) 
READ(7.704)(WORD(J).J-1,6) 

704 F0RMAT(/12X,6(6X.A5),2X///) 
NSKIP-0 
DO 30 I-1,IMAX 
IF(NORUN.NE.NRUN(I))G0 TO 30 
DO 29 J-1,6 
IF(SPEC( I ).NE.W0RD( J) )G0 TO 29 
YES(J)-.TRUE. 
NSKIP-NSKIP+1 
II(J1-I 
PRINT 652,W0RD( J) .NRUNd ) 

652 F0RMAT(/1X,A5,' OF RUN ',15,' FOUND ON DISK') 
NERR-1 

29 CONTINUE 
30 CONTINUE 
33 IF(NSKIP)35,35,31 
35 MSKIP-LT+4 

DO 37 M«1,MSKIP 
37 READ(7,703)DUMMY 

GO TO 200 
31 DO 32 J=l,4 • 

IF(.N0T.YES(J))G0 TO 32 
I-II(J) 
HEIGHT-HGT(I) 
LENGTH-LGTH(I) 
AMPLIF-AMPL(I) 
GO TO 40 

32 CONTINUE 
40 READ(7,7051(CMAX(J)>J-1,4) 
705 F0RMAT(13X,6(1X,E10.3).IX) 

READ(7,705)(CMIN(J),J-1.6) 
READ(7,703)DUMMY 
DO 50 L=1,LT 

50 READ(7,705,ERR-803)T(L),(C(L,J),J-1,6) 
706 FORMAT(2X,7(1X,E10.3),1X) 

REA0(7,703)DUMMY 
DETERMINE FRAME SIZE AND SCALE FACTORS 
DO 60 J-1,5 
CPLU(J)-0. 
CMNSIJ)-0, 
IF(.NOT.YES(J))G0 TO 60 
CALL KSRND(CSUP(J).DUMMY,CMAX(J).2.»2.5.5.,10..10,,10.,10..10..N) 
CALL KSRND(DUMMY.CINF(J).CMIN(J),2.,2.5,5..10.,10.,10.,10.,10.,N) 
IF(AMPLIF.NE.O.IGO TO 60 
IF(CSUP(J).GT.O..AND.CINF(J).GT.O.)CINF(J)-0. 
IF(CSUP(J).LT.O..AND.CINF(Jl.LT.O.)CSUP(J)-0. 
IF(CSUP(J)+CINF(J))52.54.54 
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52 CMNS(J)=-HEIGHT 
SCF(J)=-1./CINF(J) 
CPLU(J)=AMAX1(HEIGHT/4.,CSUP(J)'»SCF( J)*HEIGHTI 
GO TO 60 

54 CPLU(J)=HEIGHT 
SCF(J1=1./CSUP(Jl 
CMNS(J)=CINF(J)»SCF(J)*HEIGHT 
IF(-CMNS(J).LT.0.004)CMNS(J)-0. ^,,OT/,. 
IF (-CMNS( J ).GE.0.004.AND.-CMNS( J).LT.HEIGHT/4. )CMNS( J)—HEIGHT/4. 

50 CONTINUE 
HOLD-HEIGHT 
IF(AMPLIF.NE.0.)GO TO 52 ,,, , ,„,,,,^,, 
HSUP =AMAX1(CPLU(1).CPLU(2).CPLU ( 3) .CPLU(4).CPLU(5).CPLU(6) ) 
HINF=-AMIN1(CMNS(1).CMNS(21.CMNS(3),CMNS(4),CMNS(5),CMNS(6)) 
HEIGHT=HSUP+HINF 
CCSUP-HSUP/HOLD 
CCINF=-HINF/HOLD 

52 IF(AMPLIF,EQ.O.)G0 TO 70 
CCSUP-100. 
CCINF-lOO.-dOO./AMPLIF) 
HSUP-HOLD 

70 DO BO L-l.LT 
DO 80 J-1.5 
IF(.NOT.YES(J))GO TO 80 
IF(AMPLIF)74.74.72 

72 I-II(J) 
C(L.J)-100.»10.»»(-C(L.J)'.PTH( I I ) 
IF(C(L.J).LT.2.»CCINF-CCSUP)C(L.J)-2.»CCINF-CCSUP 
GO TO 77 

74 C(L.J)=C(L.Jl'tSCF( J) 
IF(C(L.J).LT.CCINF)C(L.J)-CCINF 

77 IF(C(L,J).GT.CCSUPIC(L,J)-CCSUP 
80 CONTINUE 

CALL KSRND(TSUP.DUMMY.TMAX.2..5..10..10.,10.,10.,10.,10. .N ) 
T(LT+11=0. 
T(LT+2>-TSUP/LENGTH 
CALL PLOT(0..-0.2.3) 
CALL PLOT(0..0..2) 
CALL PLOT(0..10.2.3) 
CALL PLOT(0.,10.,2) 
CALL SYMBOL(0,9,1.5,0.1.SYRUN(1).90. .11) 
FPN-NORUN 
CALL NUMBER(-O.O.-O.O.-O.O.FPN,90.,-l) 
CALL SYMBOL(-0.0,-0.0,-0.0,BLANK,90., 1) 
CALL SYMBOL(-0.0.-0.0.-0.0.COMENT!1),90.,55) 
DO 95 M-l.MORE 
IF(MORE,E0.0)G0 TO 95 
J1=(M-1)»20+l 
CALL SYMBOL(-0.0,-0.0,-0.0,CR,90.,1) 
CALL SYMBOL (-0.0,-0.0.-0.0.KOMENT (Jl) .90., 80) 

9 5 CONTINUE 
DO 95 IDUMMY-1.2 

96 CALL SYMBOL(-0.0,-0.0,-0,0,CR,90,,1) 
N4-0 
DO 100 J-1,5 
IF(.NOT.YES(J))G0 TO 100 
N4=N4+1 
DO 98 NDUMMY-1,2 

98 CALL SYMBOL(-0.0,-0,0,-0.0,PSY1(N4),90.,4) 
CALL S Y M B O L ( - 0 . 0 . - 0 . 0 . - 0 . 0 , W O R D ( J ) . 9 0 , , 6 ) 
IF (AMPLIF ,NE .O . )PRINT 655,W0RD(J) 

556 FORMATdX .A5 , ' ( TRANSMISSION ) ' ) 
I F I A M P L I F . N E . O . ) G 0 TO 99 
SCFRC=1./SCF(J) 
NEXP-0 
SCFREC-SCFRC 
DO 395 K-1.100 
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397 

99 
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105 

110 

115 
117 

120 

150 

200 
800 
815 
600 

IF(SCFREC.GE..9)G0 TO 397 
SCFREC-10.»SCFREC 
NEXP-NEXP-1 
FEXP--NEXP 
CALL SYMBOL(-0.0.-0.0.-0.O.PARL.90.,l ) 
CALL NUMBER(-0.0,-0.0,-O.O.SCFREC.90.,1) 
CALL SYMBOL(-0.0,-0.0.-0.0.DIV(1),90.,7) 
CALL NUMBER(-0.0,-0.0,-0.0,FEXP,90.,-1) 
CALL SYMBOL(-0.0.-0.0.-0.0.DIV(3),90..8) 
IF(N4.E0.3)CALL WHERE(X2.Y2.DUMMY) 
IF(N4.E0.1)CALL WHERE(XI,Y1,DUMMY) 
IF(N4.EC.3)CALL SYMBOL(XI.Yl+1.1,0.1,NIHIL,90.,2) 

DRAW FRAME AND AXIS 
IF(N4.LT.3)CALL WHERE(X2,Y2.DUMMY) 
CALL PLOT{X2+0.3.(10.-LENGTH 1/2..3) 
CALL WHERE(ULX.ULY,DUMMY) 
CALL PL0T!ULX,ULY+LENGTH,2) 
CALL PL0T(ULX+HEIGHT,ULY+LENGTH,2) 
IF(CCINF.LT.0.)CALL PL0T(ULX+HEIGHT,ULY,2) 
CALL PL0T(ULX+HSUP,ULY,23) 
DO 105 K-1,4 
V0RD!K)=ARRAY1(K) 
IF(AMPLIF.NE.0.)V0RD(K)-ARRAY2(K) 
CONTINUE 
CALL KSRND(RL,DUMMY,LENGTH«0.999,2.,2.5,4.,5.,10.,10..10., 
DVA-IC.ORL/LENGTH 

H-HOLD 
IF(AMPLIF.NE.0. )H-H'»100./(100.-CCINF) 

CALL KSRND(RH.DUMMY,H»0.999,2.,2.5.4.,5..10.,10.,10.,10.,N 
DVO-IO.'.RH/H 
CALL AXIS (0. ,0. ,VABS.-14,1.001'»LENGTH,90.,T(LT+1) ,T(LT+2) , 
DELTAC=1CCSUP -CCINF )/HEIGHT 
XX(LT+1)=0. 
XX(LT+2)=1./H0LD 
CALL AXIS(-HSUP,0.,VORD.-15.1.001»HEIGHT,0.,CCSUP .-DELTAC 
DRAW CURVES 
NP-0 
DO 150 J-1,6 
IF( .NOT.YES( J) )G0 TO 150 . 
NP-NP+1 
IF!AMPLIF.NE.O.IGO TO 115 
DO 110 L-1,LT 
XX(L)--C(L,J) 
GO TO 120 
DO 117 L-l.LT 
XX(L)-2.»CCINF-C(L,J) 
XX(LT+1)-CCINF 
XX(LT+2)-(100.-CCINF)/HOLD 
CALL LINE(XX,T,LT,1.2.PSY(NP)) 
YES(J)-.FALSE. 
CONTINUE 
MOVE TO NEXT PLOT 
XNEXT-S.5-ULX-HSUP 
IF(ULX+HEIGHT.GT.e.)XNEXT-HEIGHT-HSUP+1. 
CALL PLOT(XNEXT.-ULY,23) 
CONTINUE 
IF(NERR.NE.0)GO TO 820 
IF(NERR.EO.0)PRINT 600 
FORMATdHl/' DATA REFERRED TO IN PLOTTING INSTRUCTIONS NOT 

) 

OVA) 

1' ) 
GO TO 810 

801 PRINT 601 
601 FORMATdHl/' NO DATA CARDS WITH PLOTTING INSTRUCTIONS') 

802 
402 

GO TO 810 
PRINT 602 
FORMATdHl/' 
GO TO 820 
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ptSl 23" 
MSKIP-LT+1-L ^ ^ ° ; III 
DO 205 M=1,MSKIP ^^"1 " ^ 

205 READ(7.703)DUMMY „^"! , " 
GO TO 25 ^'-°' 236 

810 PRINT 510 ''^°l W 
510 FORMAT(/' NO PLOT FROM THIS JOB') OTJ, \ 
820 CALL PLOT(0..-0.2.3) ^zl ^'' 

CALL PLOT(0..0..2) '^^°^ 240 
CALL PLOT(0..10.2.3) P'-°''' 2*1 
CALL PL0T(0..10.,2) ^^°'^ 242 

830 CALL SYMBOL(0.3>0.,0.2.FINISH(1).90..32) PLOT 243 
CALL PLOT(10..0..23) PLOT 244 
CALL PLOT(0..0..999) PLOT 245 
PRINT 515 PLOT 246 

515 FORMAT(/ • END OF PLOT') PLOT 247 
STOP PLOT 248 
END PLOT 249 
SUBROUTINE KSRND!XSUP.XINF>X .Al,A2.A3.A41A5.A6,A7,A8.N) PLOT 250 
DIMENSION A(IO) PLOT 251 
Y-X PLOT 252 
IF(X)411,405,407 PLOT 253 

411 X—X PLOT 254 
GO TO 407 PLOT 255 

406 XINF-0. PLOT 256 
XSUP-0. PLOT 257 
N-O PLOT 258 
GO TO 413 PLOT 259 

407 DLG = ALOGIO(X) pi_OT 260 
IF(DLG)401,402,402 PLOT 261 

401 DLG - DLG-1. PLOT 252 
402 LG-DLG PLQT 263 

XMANT-X/lCHfLG PLOT 254 
Adl=l. PLOT 265 
A(2)-A1 
A(31=A2 
A(4)-A3 

AI^IIAR Pl-OT 269 
* * :« PLOT 270 

M\A% Pl-OT 271 

--- L̂̂ ^ V,\ 
*''°"'°' PLOT 274 
00 404 K-1,10 l\°l \l\ 
IF(XMANT-A(K))410,403.404 WrZ,l ,'f 

410 XINF-A(K-1)»10.»»LG OTST ,,, 
XSUP-A(Kl»10.»»LG „ "I 2'T 
N^K PLOT 278 
GO TO 405 PI-OT 279 

403 XINF=A(K)»10.»»LG ^'•°^ ^*° 
XSUP-XINF P'-"'' 281 
^=K PLOT 282 
GO TO 405 PLOT 283 

404 CONTINUE Pl-°'' 284 
405 IF(Y)412.413,413 '''-°T 285 
412 XINFR-XINF Pl-OT 285 

XINF—XSUP Pl-°T 287 
XSUP—XINFR PLOT 288 
X—X PLOT 289 

413 RETURN PLOT 290 
END PLOT 291 

PLOT 292 

PLOT 265 
PLOT 257 
PLOT 268 
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5.2 PROTWR20, a Program for Plotting WR20 Results on the Printe 

Program PROTWR20 performs a function similar to PLOTWR20, 
except that the plot is produced by the printer. Each plot is on a separate 
frame. An Optical Transmiss ion Plot is not possible. 

5.2.1 Data Cards 

As for PLOTWR20, one data card is required for each species of 
any run. It contains the following data: 

NRUN, the Run Number 

Col. 2-5, FORMAT: 15 

SPEC, the Name of the Species (including CONDC and/or ABSC). 

Col. 6-10, FORMAT: A5 

NLINE, the Length of the Plot, given as the number of printed 
lines. The computer uses the nearest value of (lOn + 1). Recommended 
values are 51 (one page) and 121 (two pages). The default value is 51. 

Col. 11-15, FORMAT: 15 

NYl, the "Width of the Plot, given as number of printed charac­
t e r s . Permit ted values: 51 or 101. Default values if NYl is S50 is 
entered: 51, otherwise 101. 

Col. 16-20, FORMAT: IS 

Up to 50 data cards are allowed. 

5.2.2 Example of Plot 

Figure 3 shows a plot of H2O2 as calculated in run 7199. The data 
card used was, with b indicating blanks, 

b7199H202bbbl21 

In the program PROTWR20, the ordinate resolution is doubled by using as 
points either the character O, marking a point on the line, or the charac­
t e r s (), marking a point halfway between two lines. 

5.2.3 Source-deck Listing 

The following source-deck listing includes the program PROTWR20 
and all necessary subroutines. 
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501 

20 
21 

702 

703 
28 

704 

PROTWR20. PROGRAM FOR PLOTTING WR20 RESULTS ON PRINTER. 
REAL»8 SPEC(50)/50»' '/.WORD(6)/6»' '/ 
REAL»e ORD(3)/3*' '/.ABSC(3)/'TIME(SEC'.') '. 
1 ' '/ 
REAL»4 COMENT(14),CMAX(6).CMIN(5),T(502),C(500,5),XX(502).YY(501 
1 TIME(501).AR0UND(8)/2.,2.5,6*5./ 
L0GICAL»1 YES(5)/5».FALSE./ 
INTEGER NRUN(50),NLINE(50).NYl ( 50) .NY(6),NL(6) 
ENDFILE7 
REWIND7 
NERR-0 
D020I-1.50 
READ(5.501. END=21,ERR-20)NRUN(I 1,SPEC(I),NLINE(I),NY1(I ) 
FORMAT(I5.A5.2I5) 
IF(NLINE(I).EQ.0)NLINE(I)-51 
IMAX-I 
CONTINUE 
IF(IMAX.EQ.OIGO TO 801 

25 D0200KDUMMY-1,50 
READ(7,702,END-800,ERR=802)NORUN,LT.TMAX,MORE 
FORMAT(I4,3X,I3.E10.3,57X.I2) 
D028J-1.M0RE 
IF(MORE,EQ.O)60T028 
READ(7.703)DUMMY 
FORMAT(Al) 
CONTINUE 
READ(7,704 1(WORD(J).J»l,6) 
FORMAT(/12X.4(6X,A5)///) 
NSKIP-0 
D030I-1.IMAX 
IF(NORUN.NE.NRUN( I ) )GOT030 
D030J-1.5 
IF(SPEC(I).NE.W0RD(J))GOT030 
YES(J)-.TRUE. 
NSKIP-NSKIP+1 
NL(J)-((NLINE(I)+5 1/10)»10+1 
NY(J)-NY1(I) 
IF(NY(J).EQ.01NY(J)-101 
NERR-1 
CONTINUE • 
IF(NSKIP)35.35.40 
MSKIP-LT+4 
D037M-1.MSKIP 

37 READ(7,703)DUMMY 
GOT0200 

40 READ(7,705)(CMAX(J).J-1.5) 
705 FORMATd3X.6(lX.E10.3) ) 

READ(7.705)(CMIN(J).J-1.6) 
READ(7,703)DUMMY 
D050L-l.LT ^, 

50 REA0(7.705.ERR-8031T(L),(C(L,J).J=1.6) 
706 FORMAT(2X,7(1X,E10.3)) 

REA0(7.703)DUMMY 
CALL ROUNDX(TMAX.TSUP.AROUND) 
D0150J-1.6 
IF(.NOT.YES(J)1GOT0150 
ORD(1)=WORD(J) 
DOllOL-1.LT 

110 XX(L)-C(L.J) 
NLJ-NL(J1 
DO 120 N-l.NLJ 
TIME(N)-FLOAT(N-1)»TSUP/FL0AT(NLJ-1) 
IF(TIME(N).LE.TMAX)GO TO 115 

105 YY(N)-100.»(CMAX(J)-CMIN(J)) 

115 CALl[°iNTER(LT.T,XX,TIME(N).YY(N)) 

120 CONTINUE 
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NO PLOTTING INSTRUCTIONS') 

ERROR IN WR18 OUTPUT' ) 

',14.' OF TABLE, REST OF TABLE FLUSHED') 

PRINT710.NORUN 
710 FORMAT('l',13X,'RUN NUMBER',15) 

CALL PROT(YY,NLJ.NY(J).TSUP.CMIN(J).CMAX(J).ABSC.ORD) 
YES(J)-.FALSE. 

150 CONTINUE 
200 CONTINUE 

PRINT712 
712 FORMAK '1' ) 
800 IF(NERR.NE.0)GOTO820 
815 IF(NERR.EQ.0)PRINT500 
600 FORMATCl',' DATA TO BE PLOTTED NOT ON DISK') 

GOT0810 
801 PRINT601 
601 FORMAT( ' 1 

6OTO810 
802 PRINT602 
502 FORMAT('1 

GOT0820 
803 PRINT503.L 
603 FORMAT!//' ERROR IN ROW 

MSKIP-LT+1-L 
DO205M-1.MSKIP 

205 READ(7.703)DUMMY 
G0T025 

810 PRINT510 
610 FORMAT(/' NO PLOT FROM THIS JOB') 
820 STOP 

END 
SUBROUTINE PROT(Y,NLINE,NYl.XMAX.Y1.Y2.ABSC,ORD) 
INTEGER SCX/O/.SCYdl) 
REAL»8 ABSC(3).0RD(3) 
REAL A d O l ) .Y (NLINE) .BLANK/' ' / . I / ' ' / , 

1 D A S H / ' - ' / , C I R C L E / ' 0 ' / . L P A R / ' ( ' / . R P A R / ' ) ' / 
REAL A R 0 U N D ( 8 1 / 2 . . 2 . 5 . 5 » 5 . / 
N X 1 0 - ( N L I N E + 5 1 / 1 0 
NLINE=10»NX10+I 
I F ( N Y I . G T . 5 1 ) N Y 1 - 1 0 1 
I F ( N Y 1 . L E . 5 0 ) N Y 1 = 5 1 
NYlO-NYl/10 
IF(Yl.GT.O.)Yl-0. 
IF(Y2.LT.0.)Y2-0. 
IF(Y1.EQ.0.)NEG-0 
IF(Y2.EQ.0.)NEG-10 
IF(Y1.EQ.0..0R.Y2.EQ.0.)G0 TO 5 
NEG"Y1/(Y2-Y1)'.10.+1 
IF(NEG.GT.5)NEG-NEC-1 

5 Y2I-Y2-Y1 
10 CALL ROUNDX (Y21.DY.AROUND) 

YMAX-FLOAT(10-NEG)/10.»DY 
YMIN"FL0AT(NEG)/10.*DY 
IF(Y2.GT.YMAX.OR.Y1.LT.YMIN)GOT015 
GOT020 

15 Y21«(YMAX-YMIN)«1.25 
GOTOIO 

20 Y2-YMAX 
Yl-YMIN 
D025J=1,11 

25 SCY(J)--NEG-1+J 
DELTAX-XMAX/IO, 
DELTAY-(Y2-Y11/10. 
PRINT501,ABSC,DELTAX,ORD>DELTAY 

501 F0RMATd4X.'ABSCISSA(D0WN) - ' , 3 A 8 , 2 X , 1 P E 9 . 2 , ' PER D I V . ' / 
1 14X, '0RDINATE(RIGHT) = ' , 3 A 8 . 2 X . 1 P E 9 . 2 . ' PER D I V . ' ) 
IF(NY1.EQ.51)GOT030 
IF(NY1.EQ.101)GOT040 

30 PRINT 502.SCY 
GOT050 
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•LT.(FZ+0.75)IGO TO 90 

40 PRINT503.SCY 
502 F0RMAT(/15X,11(I3,2X)/) 
503 F0RMAT(/15X,11(I3,7X)/) 
50 DOlOON-1,NLINE 

Z -(Y(N)-Y1)/(Y2-Y1).FL0AT(NY1-1)+1. 
DO50M-1,NY1 
A(M)-BLANK 

..„ '^i^'r?*I"'*"l'''*''l°''EO.FLOAT(N-l)/FL0AT(NX10))A(M)-DASH 
60 CONTINUE 

DO 70 M-1,NY1,NY10 
70 A(M)-I 

IZ-Z 
F2-IZ 
IFdZ.LT.l.OR.IZ.GE.NYDGOTO 92 
IF<Z .LE.(FZ+0.25))GOTOSO 
IF(Z .GT.(FZ+0.25).AND.Z 
A(IZ+1)-CIRCLE 
GO TO 92 

80 A(IZ)«CIRCLE 
GO TO 92 

90 A(IZ)-LPAR 
A(IZ+1)-RPAR 

92 IF(FLOAT((N-1)/NX10) .EQ,FL0AT(N-l)/FLOAT(NX10))60 TO 97 
95 PRINT 510,(A(M),M-1,NY1) 

GO TO 100 
97 SCX-N/NXIO 

P R I N T 5 0 5 . S C X . ( A ( M ) . M - 1 . N Y 1 ) 
505 F O R M A T d 2 X . I 3 . 2 X . 1 0 1 A l ) 
510 FORMAT(17X.101A1) 
100 CONTINUE 

RETURN 
END 
SUBROUTINE R0UNDX(X,R,A) 
DIMENSION A(8)>B(10) 
B(l)»l. 
B(10)-10. 
IF(X)10,5,15 

5 R-0, 
GO TO 100 
Y—X ' 
GO TO 20 
Y-X 

20 LY100-ALOG10(Y)+100. 
LY-LYlOO-100 
YMANT-Y»10.»*(-LY) 
YLIM-1. 
DO 22 1-2,9 

22 B(I)«A(I-1) 
DO 50 1-1,9 
IF(YMANT-B(I))50,50,25 

25 YLIM-B(I+l) 
50 CONTINUE 

R.Y/X»YLIM»10.»»LY 
100 RETURN 

END 
SUBROUTINE INTER(LT,AX,AY,X,Y) 
DIMENSION AX(l),AY(1) 
IF(X-AX(1))10,5,10 

5 Y-AY(l) 
GO TO 100 

10 DO 20 L-2.LT 
IF(X.LT.AX(L))GO TO 25 

20 CONTINUE 
IF(X.LE.AX(LT))GO TO 25 
Y-AY(LT) 
GO TO 100 

25 Y-AY(L-1) + (X-AX(L-1) )•(AY(L)-AY(L-1) )/I AX(L)-AX(L-1)) 
100 RETURN 

END 
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5.3 S t r u c t u r e of Input Deck Containing WR20 and Plo t t ing P r o g r a m 

F i g u r e 4 shows the s t r u c t u r e of the input deck used on the 
IBM 360/75 s y s t e m of the Applied M a t h e m a t i c s Divis ion, Argonne Na t iona l 
L a b o r a t o r y . 

The c a r d s / * S E T U P . . . and / / G O - P L O T T A P E . ... a r e omi t t ed for 

PROTWR20 . 

//WR20PLOT JOB (F11638.05,00»03)•'K.SCHMIDT'fMSGLEVEL'l« 
// REGION = 140K,CLASS = C .»^^-.*«... 
//•COMMENT.-THE ACCOUNTING CARD IS INSERTED HERE.*»»«*•••»•*••****•*••" 
/•SETUP DDNAME=PLOTTAPE«DEVICE-2400-7,ID=ICALCMP>RING«SAVEtNLI 
//PARTI EXEC FTHLG 
//EDT.SYSIN DD * 
//•COMMENT.-THE WR20 OBJECT DECK IS INSERTED HERE.•»•*••••••••**•"*••*•* 
/» 
//GO.FT07F001 DD UNIT»2314,SPACE=(80,(500,250)), 
// DISP=(NEW,PASS1,DSNAME=+TABLES, 
// DCB-(RECFM-FB,LRECL=80,8LKSIZE-B00) 
//GO.FT08F001 DD UNIT-2314,SPACE=(80,(1»1))• 
// DISP-(NEW,DELETE),OSNAME=+CHARCEt 
// DC3=(RECFM-F.BLKSIZE-8) 
//GO.SYSIN OD » 
//•COMMENT.-THE DATA FOR WR20 ARE INSERTED HERE.***••»•*»»•»«»•»••«•«••» 
/• 
//PART2 EXEC FTHLG 
//EDT.SYSIN DD • 
//•COMMENT.-THE PL0TWR20 OR PROTWR20 OBJECT DECK IS INSERTED HERE»»»-»*»» 
NAME G(R1 
/• 
//GO.FT07F001 DD DSNAME-^.PARTI.GO.FT07F001»DISP-(MOD.DELETE) 
//GO.PLOTTAPE OD UNIT-TAPE7TRK.LABEL=(,BLP),DISP=(,PASS) 
//GO.SYSIN DD • 
//•COMMENT.-THE PLOTTING DATA ARE INSERTED HERE.«-»»»»»»»*»»»»»»«»»»»»»»» 
/» 

Fig. 4. Structure of the Input Deck for Running the Program WR20 and PLOTWR20 (or PROTWR20) on the 
BM 360/75 System at ANL. If PROTWR20 is to be used, the cards A^SETUP... and //GO-PLOTTAPE 
must be removed. 
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